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SPECIFICATION 
ROTATIONAL ANGLE DETECTING DEVICE, 
TORQUE DETECTING DEVICE AND STEERING APPARATUS 

5 This application is a continuation-in-part of Application 

No. 09/7(^9,003 filed on December 7, 2000, the entire contents of 
which are hereby incorporated by reference. 

TECHNICAL FIELD 

10 The present invention relates to a rotational angle detecting 

device for detecting a rotational angle, a torque detecting device 
for detecting torque applied on an input shaft in accordance with 
a torsional angle of a connecting shaft which connects the input 
shaft and an output shaft, and a steering apparatus for driving 

15 an electric motor based on the detected resul t by the torque detect ing 
device so that the motor generates a steering assisting force. 

BACKGROUND ART 

Some of steering apparatus for automobiles are constructed 

20 to reduce a driver's load by driving an electric motor so as to 
assist steering. The foregoing steering apparatus comprises an 
input shaft connected to a steering wheel ; an output shaft connected 
to steering control wheels through a pinion gear and a rack; and 
a connecting shaft (a torsion bar) connecting the input shaft and 

25 the output shaft . A torque detecting device detects the steering 
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torque applied on the input shaft in accordance with the torsional 
angle generated in the connecting shaft. The electric motor for 
assisting steering interlocked to the output shaft is controlled 
and driven based on the steering torque detected by the torque 
5 detecting device . Moreover, the rotational angle detecting device 
detects the neutral point of the steering wheel to control and 
drive the rotation of the electric motor which corresponds to the 
steering angle of the steering wheel. 

The above-mentioned rotational angle detecting device 

10 includes a component which contact s and si ides on the other component , 
such as a potentiometer . Therefore , it suffers from unsatisfactory 
durability caused from abrasion and aging. 

Al so , the above - ment ioned torque det ec t ing devi ce i s arranged 
to detect the impedance change of a magnetic circuit caused from 

15 torsionbythe connecting shaft . Therefore, it has a too complicated 
construction . Thus , therearises aprobleminthat the manufacturing 
cost is high. 

To overcome the above-mentioned problems, an object of the 
present invention is to provide a rotational angle detecting device 
20 which does not comprise any contact and sliding portion and which 
realizes satisfactory durability. 

Another ob j ect of the present invention is to provide a torque 
detecting device realizing a simple construction and capable of 
reducing the manufacturing cost. 
25 Another object of the invention is to provide a steering 
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apparatus comprising a rotational angle detecting device according 
to any one of first invention to eighth invention and a torque 
detecting device according to the ninth invention or the tenth 
invention. 

5 Anotherobj ect of the invent ion is toprovide a torque detecting 

device capable of detecting torque when a sag portion is present 
in the characteristic of the output voltage of a magnetic sensor 
and easily managing the accuracy of the output voltage of the magnetic 
sensor when a manufacturing process is performed. 

10 Another object of the invention is to provide a steering 

apparatus which is capable of detecting torque when a sag portion 
is present in the characteristic of the output voltage of the magnetic 
sensorof the torque detecting device and easily managing the accuracy 
of the output voltage of the magnetic sensor when the torque detecting 

15 device is manufactured. 

Another object of the present invention is to provide a 
rotational angle detecting device which does not include a contact 
and sliding portion, which realizes satisfactory durability, and 
a breakdown of which can easily be detected. 

20 Anotherobj ect of the invent ion is toprovide a torque detecting 

device having a simple construction, capable of reducing the 
manufacturing cost and arranged to detect breakdown. 

Anotherobj ect of the present invent ion is toprovide a steering 
apparatus conprising a rotational angle detecting device according 

25 to any one of the twentieth invention to the twenty- second invention 
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andatorquedetectingdeviceaccordingtothe twenty- first invention. 

Another ob j ect of the invention to provide a torque detecting 
device comprising four magnetic sensors and capable of preventing 
interruption of torque detection in a case where breakdown of one 
5 of the magnetic sensors has occurred so that assisting steering 
is not rapidly changed. 

Another obj ect of the present invent ion is toprovide a steering 
apparatus which comprises a torque detecting device having four 
magnetic sensors, which is capable of preventing interruption of 
10 torque detection in a case where breakdown of one of the four magnetic 
sensors has occurred so that assisting steering is not rapidly 
changed . 

Another object of the present invention is to provide a 
rotational angle detecting device, a torque detecting device and 

15 a steering apparatus for an automobile using them each of which 
is constructed such that the rotational angle and/or rotational 
torque of the rotating shaft is detected in accordance with an 
output of a magnetic sensor which is induced by a target provided 
for a rotating shaft and made of magnetic material and which is 

20 capable of preventing occurrence of a detection error caused from 
the difference in the output characteristics of the magnetic sensors 
including compensation of change in the characteristics caused 
from the temperature and change in the characteristic occurring 
with time and preventing occurrence of a detection error caused 

25 from change in the air gap between the target and the magnetic 
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sensor so as to permit accurate detection to be performed for a 
long time. 

Another obj ect of the present invention is to provide a torque 
detecting device which is capable of reliably selecting a magnetic 
5 sensor of two magnetic sensors disposed in the circumferential 
direction of a target which is generating an effective output and 
accurately calculating the rotational torque by using the output 
of the selected magnetic sensor and to provide a steering apparatus 
for an automobile arranged to detect the steering torque by using 

10 the torque detecting device to accurately perform various controls 
in accordance with the detected torque. 

Another obj ect of the present invention is to provide a torque 
detecting device which is constructed to detect rotational torque 
appl ied on a rotating shaft in accordance with an output of a magnetic 

15 sensor which is induced by a target provided for the rotating shaft 
and made of magnetic material and which is capable of preventing 
occurrence of a detection error caused from the difference in the 
output characteristics of each magnetic sensor and the difference 
in the air gap between each magnetic sensor and the target and 

20 accurately detecting the torque for a long time and to provide 
asteeringapparatusforanautomobileconprisingthetorquedetecting 
device . 

Another object of the present invention is to provide an 
rotational angle detecting device and a torque detecting device 
25 which realizes high detection accuracy and which is capable of 
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reducing the manufacturing cost by using a target on the outer 
surface of a rotating shaft which is simply manufactured with an 
excellent accuracy of the shape. Moreover, another object is to 
provide a steering apparatus in which the foregoing device is used 
5 to detect the steering angle and the steering torque to accurately 
perform various controls in accordance with the detected steering 
angle and the torque. 

Anotherobj ectof theinventionistoprovideatorquedetecting 
device which is capable of preventing fluctuation in the air gap 

10 between the target and the magnetic sensor caused from bending 
deformation of the torsion bar and detecting the rotational torque 
with high accuracy and to provide a steering apparatus which uses 
the torque detecting device to detect the steering torque to perform 
various controls with high accuracy in accordance with detected 

15 torque. 

Anotherobj ectof thepresent invent ionistoprovidearotational 
angle detecting device capable of easily eliminating 
nonlinearly- changed regions of detection signals and calculating 
the rotational angle by simple processing. 

20 Another obj ect of the present invention is to provide a torque 

detecting device that allows easy formation of targets by employing 
protrusions formed at substantially equal intervals in a 
circumferential direction of the rotational member as the targets. 

Still another object of the present invention is to provide 

25 a torque detecting device that allows easy formation of targets 
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by forming dents so as to form non-dent portions at substantially 
equal intervals in a circumferential direction of the rotational 
member and employing the non-dent portions between the dents as 
the targets. 

5 Yet another object of the present invention is to provide 

a torque detecting device that allows easy formation of targets 
by magnetizing portions of the circumferential surface of the 
rotationalmemberandemployingthemagnetizedportionsasthe targets . 

A further object of the present invention is to provide a 

10 torque detecting device capable of accurately calculating the 
difference between the rotational angles of the first shaft and 
second shaft generated with torsion of a torsion bar by providing 
targets on the first and second shafts that are coaxial ly connected 
through the torsion bar, and thereby accurately detecting the 

15 rotational torque applied to both of the shafts. 

A further object of the present invention is to provide a 
steering apparatus for automobiles, capable of accurately detecting 
a steering torque applied to a steering wheel for steering by using 
the above-mentioned torque detecting device and of performing a 

20 variety of controls, such as drive control of a steering assist 
motor, based on the detected steering torque. 



25 



DISCLOSURE OF THE INVENTION 

A rotational angle detecting device according to a first 
invent ion comprising : a rotor having a portion which is magnetically 
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discontinuous in an axial and a circumferential directions thereof ; 
andamagnetic sensor f or detecting the position inan axial direction 
of saidrotorwhere magnetically changeoccurs on the circumferential 
surface of said rotor when said rotor rotates; wherein a rotational 
5 angle of said rotor from said magnetic sensor as the base point 
is detected in accordance with the position detected by said magnetic 
sensor . 

In the present invention, the portion of the rotor which 
is magnetically discontinuous in the axial and circumferential 

10 directions of the rotor is provided on the surface of the rotor. 
The magnetic sensor detects the positionof the discontinuous port ion 
in the axial direction. In accordance with the position detected 
by the magnetic sensor, the rotational angle of the rotor from 
the magnetic sensor as the base point is detected. As a result, 

15 the rotational angle detecting device which does not comprise any 
contact and sliding portion and which realizes satisfactory 
durability can be realized. 

A rotational angle detecting device according to a second 
invention is constructed such that saidportionwhichismagnetically 

20 discontinuous is provided spirally on the circumferential surface 
of said rotor. 

I nthis invent ion, theportionof therotorwhichismagnetically 
discontinuous in the axial and circumferential directions of the 
rotor is spirally provided on the surface of the rotor. Therefore, 
25 the position of the portion which is magnetically discontinuous 
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in the axial direction of the rotor and the rotational angle of 
the rotor made from the magnetic sensor as the base point can be 
made correspond to each other. When the position of the portion 
which is magnetically discontinuous in the axial direction of the 
5 rotor is detected, the rotational angle of the rotor from the magnetic 
sensor as the base point can be detected . As a result , the rotational 
angle detecting device which does not comprise any contact and 
sliding portion and which realizes satisfactory durability can 
be realized. 

10 A rotational angle detecting device according to a third 

invention is constructed such that a plurality of said portions 
which are magnetically discontinuous are provided on the 
circumferential surface of said rotor at the same intervals. 

In the present invention, the plural portions which are 

15 magnetically discontinuous are provided on the surface of the rotor 
at the same intervals. Therefore, change in the position of the 
portion which is magnetically discontinuous in the axial direction 
of the rotor can be enlarged with respect to the rotational angle 
f romthemagneticsensorasthebasepoint . Therefore, the amplifying 

20 gain can be reduced. Thus, satisfactory stability against 
disturbance can be realized. 

A rotational angle detecting device according to a fourth 
invention is constructed such that saidportion which ismagnetically 
discontinuous is formed nonlinearly with respect to said rotational 

25 angle to make an output of the magnetic sensor to be linear with 
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respect to said rotational angle. 

In the present invention, the portion which is magnetically 
discontinuous isprovidednonlinearlywith respect to the rotational 
angle to make an output of the magnetic sensor to be linear with 
5 respect to the rotational angle. In particular, the output of the 
magnetic sensordisposedat an endof the port ionwhich is magnetically 
discontinuous can be made to be linear with respect to the rotational 
angle. Therefore, a rotational angle detecting device which does 
not comprise a multiplicity of sensors, the cost of which can be 

10 reduced and which has a linear output characteristic canbe realized. 

A rotational angle detecting device according to a fifth 
invention is constructed such that saidportionwhichismagnetically 
discontinuous is divided into an axial direction of said rotor 
at the same position of the circumferential direction of said rotor, 

15 and the divided portions are connected with each other in an axial 
direction of said rotor. 

Since the present invention is constructed such that the 
portion which is magnetically discontinuous is divided into an 
axial direction of said rotor at the same position of the 

20 circumferential direction of said rotor, and the divided portions 
are connected with each other in an axial direction of said rotor. 
Therefore , the rotational angle detecting device in which the output 
is free from any fluctuation at an end of the portion which is 
magnetically discontinuous can be realized. 

25 A rotational angle detecting device according to a sixth 
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invention is constructed such that saidportion which ismagnetically 

discontinuous is formed by winding a coil around the circumferential 

surface of said rotor and by welding or bonding the coil . 

Since the present invention has the construction such that 
5 the port ion which is magnetically discontinuous is formed by winding 

a coil around the circumferential surface of the rotor and by welding 

or bonding the coil, time required a processing can be shortened. 

Therefore, the manufacturing cost can be reduced. 

A rotational angle detecting device according to a seventh 
10 invent ion is cons true ted such that saidportionwhichismagnetically 

discontinuous is formed by irradiating the circumferential surface 

of said rotor with an energy beam. 

Since the present invention has the construction such that 

the portion which is magnetically discontinuous is formed by 
15 irradiating the circumferential surface of the rotor with the energy 

beam, an adjustment process can easily be completed. Therefore, 

the pattern of the portion which is magnetically discontinuous 

can accurately and freely be processed. 

A rotational angle detecting device according to an eighth 
20 invention comprises: a rotor having protrusions formed spirally 

onthe circumferential surf ace thereof and made of magnetic material ; 

and plural magnetoresistance effect elements for detecting the 

position in an axial direction of said rotor when said rotor rotates ; 

wherein a rotational angle of said rotor from said plural 
25 magnetoresistance effect elements as the base points is detected 
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in accordance with the positions detected by said plural 
magnetoresistance effect elements. 

In the present invention, the protrusion made of the magnetic 
material is spirally provided on the circumferential surface of 
5 the rotor. Moreover, the magnetoresistance effect element detects 
the position of the protrusion in the axial direction of the rotor. 
In accordance with the detected position, the rotational angle 
of the rotor from the plural magnetoresistance effect elements 
as thebasepoint s of the rotor i s detected . As a result , the rot at ional 
10 angle detecting device which does not comprise any contact and 
sliding portion and which realizes satisfactory durability can 
be realized. 

A torque detecting device according to a ninth invention 
detects torque appliedonan input shaft inaccordancewitha torsional 

15 angle generated in a connecting shaft for connecting said input 
shaft and an output shaft, comprising: rotational angle detecting 
devices according to any one of claims 1 to 8 attached to each 
of said input shaft and said output shaft, respectively; and a 
rotational angle difference detector for detecting the difference 

20 between the rotational angles detected by said rotational angle 
detecting devices; wherein the difference in the rotational angle 
detected by said rotational angle difference detector is made to 
be the torsional angle. 

In the present invention, the torque applied on the input 

25 shaft is detected in accordance with the torsional angle generated 
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in the connecting shaft for connecting the input shaft and the 
output shaft. The rotational angle detecting device according to 
any one of the first invention to eighth invention is attached 
to each of the input shaft and the output shaft. The rotational 
5 angle difference detector detects the difference in the rotational 
angle detected by each of the rotational angle detecting devices. 
The detected difference of the rotational angle is made to be the 
torsional angle . Thus , a torque detecting device realizing a simple 
construction and capable of reducing manufacturing cost can be 
10 realized. 

A torque detecting device according to a tenth invention 
detects torque appliedon an input shaft inaccordancewithatorsional 
angle generated in a connecting shaft for connecting said input 
shaft and an output shaft, comprising: rotational angle detecting 

15 devices according to any one of claims 1 to 8 attached to each 
of said input shaft and said output shaft, respectively; two first 
calculators for calculating the opposite -phase difference between 
detection signals detected by said rotational angle detecting 
devices; and a second calculator for calculating the difference 

20 between the differences calculated by said two first calculator; 
wherein the difference detected by said second calculator is made 
to be the torsional angle. 

In the present invention, the torque applied on the input 
shaft is detected in accordance with the torsional angle generated 

25 in the connecting shaft for connecting the input shaft and the 
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output shaft . The rotational angle detecting device according to 
any one of the first invention to eighth invention is attached 
to each of the input shaft and the output shaft . Thus, the difference 
in the reversed polarity between the detection signals outputted 
5 from the rotational angle detecting devices is calculated by the 
two first calculators. The second calculator calculates the 
difference inthedifferencescalculatedbythetwofirst calculators . 
The difference calculated by the second calculator is made to be 
the torsional angle. Thus, the difference between the detection 

10 signals outputted from the rotational angle detecting devices is 
enlarged. As a result, the amplifying gain can be reduced. Thus, 
the torque detecting device which is stable against disturbance, 
which realizes a simple construction and which is able to reduce 
the manufacturing cost can be realized. 

15 A steering apparatus according to an eleventh invention 

comprises : an input shaft connected to a steering wheel ; an electric 
motor for assisting steering which is driven and controlled in 
accordance with steering torque applied on said steering wheel; 
an output shaft interlocked to said electric motor; and a torque 

20 detecting device for detecting the steering torque applied on said 
input shaft in accordance with the torsional angle generated in 
a connecting shaft for connecting said input shaft and said output 
shaft; wherein a rotational angle detecting device included in 
said torque detecting device detects the rotational angle of said 

25 steering wheel. 
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In the present invention, the input shaft is connected to 
the steering wheel, the electric motor for assisting steering is 
driven and controlled in accordance with the steering torque applied 
on the steering wheel and the output shaft is interlocked to the 
5 electric motor for assisting steering . The torque detecting device 
according to the ninth invention or the tenth invention detects 
the steering torque applied on the input shaft in accordance with 
the torsional angle generated in the connecting shaft for connecting 
the input shaft and the output shaft . The rotational angle detecting 

10 device included in the torque detecting device detects the steering 
angle of the steering wheel. As a result, the steering apparatus 
comprising the torque detecting device according to the ninth 
invention or the tenth invention can be realized. Moreover, the 
steering apparatus is able to use two rotational angle detecting 

1 5 devices according to anyone of the first invent ion to eighth invent ion 
as the rotational angle detecting devices. 

A torque detecting device according to a twelfth invention 
comprises : an input shaft and an output shaft each having a portion 
which is magnetically discontinuous in an axial and a circumferential 

20 directions thereof; a connecting shaft for connecting said input 
shaft and said output shaft; first and second magnetic sensors 
for detecting the positions where magnetic change occurs on the 
circumferential surfaces in the axial direction of said input shaft 
and said output shaft when said input shaft and said output shaft 

25 rotate; third and fourth sensors for detecting the positions in 
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said axial direction which are distant from said positions detected 
by said first and secondmagnetic sensors f or apredetermined distance 
in said circumferential direction and/or said axial direction; 
a judging unit for judging whether or not said positions detected 
5 bysaidf irsttof oiirthmagneticsensorsareincludedinapredetermined 
range; a selector for selecting the position f or detectinga torsional 
angle of said connecting shaft for each of said input shaft and 
said output shaft in accordance with a judgement result made by 
said judging unit; and a torsional angle detector for detecting 

10 the torsional angle in accordance with each position selected by 
said selector; wherein the torque applied on said input shaft is 
detected in accordance with the torsional angle detected by said 
torsional angle detector. 

In the present invention, the portion which is magnetically 

15 discontinuous is provided for the circumferential surface of each 
of the input shaft and the output shaft connected to each other 
by a connecting shaft such that the portion which is magnetically 
discontinuous is displaced in the axial direction and a 
circumferential direction. The first and second magnetic sensors 

20 detect thepositionof theportionwhichismagneticallydiscontinuous 
in the axial direction of each of the input shaft and the output 
shaft. The third and fourth magnetic sensors detect the position 
of the portion which is magnetically discontinuous in the axial 
direction which is disposed apart from the positions detected by 

25 the first and second magnetic sensors. The judging unit judges 
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whether or not the positions detected by the first to fourth magnetic 
sensors are included in a predetermined range . The selector selects 
the positions for detecting the torsional angle of the connecting 
shaft for each of the input shaft and the output shaft . The torsional 
5 angle detector detects the torsional angle in accordance with the 
positions selected by the selector so that torque which is applied 
on the input shaft is detected in accordance with the torsional 
angle detected by the torsional angle detector. Therefore, when 
a sag portion is present in the characteristic of the output voltage 

10 of the magnetic sensors, torque can be detected. Thus, the torque 
detecting device can be realized which is capable of easily managing 
the accuracy of the output voltage of the magnetic sensor when 
a manufacturing process is performed. 

A torque detecting device according to a thirteenth invention 

15 further comprises a corrector for correcting the torsional angle 
detected by said torsional angle detector in accordance with each 
position selected by said sensor and each predetermined distance. 

Inthepresent invention, the corrector corrects the torsional 
angle detected by the torsional angle detector in accordance with 

20 thepositionandthepredeterminedintervalsselectedbytheselector . 
Therefore , the output voltage of eachof the third and fourth magnetic 
sensors for detecting the positions different from the positions 
detected by the first and second magnetic sensors by a predetermined 
angle is used to correct the sag portion of the output voltage 

25 of each of the first and second magnetic sensors. Therefore, when 
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a sag portion is present in the characteristic of the output voltage 
of the first and second magnetic sensors, torque can be detected. 
Thus, the torque detecting device can be realized which is capable 
of easily managing the accuracy of the output voltage of the magnetic 
sensor when a manufacturing process is performed. 

A torque detect ing device according to a fourteenth invention 
further comprises : a calculator for calculating a corrective value 
for correcting the torsional angle detected by said torsional angle 
detector in accordance with each position selected by said sensor 
and the position detected by each of said first to fourth magnetic 
sensors; and a corrector for correcting the torsional angle in 
accordance with the corrective value calculated by said calculator 
and each position selected by said selector. 

In the present invention, the calculator calculates the 
corrective value for correcting the torsional angle detected by 
the torsional angledetectorinaccordancewiththeposit ions selected 
by the selector and the positions detected by the first to fourth 
magnetic sensors. The corrector corrects the torsional angle in 
accordance with the corrective value calculated by the calculator 
and the posit ions selectedby the selector. Thus, the output voltage 
of each of the third and fourth magnetic sensors for detecting 
the position different from the positions detected by the first 
and second magnetic sensors by a predetermined angle is used to 
correct the sag portion of the output voltage of each of the first 
andsecondmagnetic sensors . Therefore, whenasagportionispresent 
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in the characteristics of the output voltage of the magnetic sensors , 
torque can be detected. Thus, the torque detecting device can be 
realized which is capable of easily managing the accuracy of the 
output voltage of the magnetic sensor when a manufacturing process 
5 is performed. 

A torque detecting device according to a fifteenth invention 
is constructed such that said portion which is magnetically 
discontinuous is provided spirally on each circumferential surface 
of said input shaft and said output shaft. 

10 In the present invention, the portion which is magnetically 

discontinuous is spirally formed on the circumferential surface 
of each of the input shaft and the output shaft. Therefore, the 
position in the axial direction detected by each magnetic sensor 
and the angle in the circumferential direction can be made correspond 

15 to each other. Therefore, when a sag portion is present in the 
characteristic of the output voltage of the magnetic sensor, torque 
can be detected. Thus, the torque detecting device can be realized 
which is capable of easily managing the accuracy of the output 
voltage of the magnetic sensor when a manufacturing process is 

20 performed . 

A torque detecting device according to a sixteenth invention 
is constructed such that a plurality of said portions which are 
magnetically discontinuous are provided on the circumferential 
surface of each of said input shaft and said output shaft at the 

25 same intervals. 
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In the present invention, the plural portions which are 
magnetically discontinuous are provided on the circumferential 
surfaces of the input shaft and the output shaft at the same intervals . 
Therefore, the output voltage of the magnetic sensor per angle 
5 in the circumferential direction can be enlarged. Therefore, when 
a sag portion is present in the characteristic of the output voltage 
of the magnetic sensor, torque can be detected. Thus, the torque 
detecting device can be realized which is capable of easily managing 
the accuracy of the output voltage of the magnetic sensor when 

10 a manufacturing process is performed. 

Atorquedetecting device according toa seventeenth invent ion 
is constructed such that said portion which is magnetically 
discontinuous is formed by protrusions made of magnetic material . 

In the present invention, the portion which is magnetically 

15 discontinuous is a protrusion made of the magnetic material. 
Therefore, when a sag portion is present in the characteristics 
of the output voltage of the magnetic sensor, torque can be detected . 
Thus, the torque detecting device can be realized which is capable 
of easily managing the accuracy of the output voltage of the magnetic 

20 sensor when a manufacturing process is performed. 

A torque detecting device according toaneighteenth invent ion 
comprises : storageunitsinwhichelectricsignalswhichareoutputted 
to correspond to the positions detected by said first to fourth 
magnetic sensors and predetermined electric signals which must 

25 be outputted to correspond to the positions detected by said first 
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to fourth magnetic sensors are made to correspond to one another 
and stored therein; and an output unit for outputting each 
electric signal which must be outputted in accordance with the 
electric signals outputted from said first to f ourthmagnetic sensors 
5 and the contents stored in each storage unit ; wherein each electric 
signal outputted from said output unit is made to be the signals 
indicting the positions detected by said first to fourth magnetic 
sensors . 

In the present invention, the storage units store the electric 

10 signals which are outputted to correspond to the positions detected 
by the first to fourth magnetic sensors and electric signals which 
are previous ly set and must be output ted to correspond to the pos i t ions 
detected by the first to fourth magnetic sensors corresponding 
to one another. The output unit outputs the electric signal which 

15 must be outputted in accordance with the electric signal outputted 
from the first to fourth magnetic sensors and the contents stored 
in each of the storage units . Thus, each electric signal outputted 
from the output unit is made to be each signal indicating the position 
detected by each of the first to f ourthmagnetic sensors . Therefore, 

20 when a sag portion is present in the characteristic of the output 
voltage of the magnetic sensors, torque can be detected. Thus, 
the torque detecting device can be realized which is capable of 
easily managing the accuracy of the output voltage of the magnetic 
sensor when a manufacturing process is performed. 

25 A steering apparatus according to a nineteenth invention 
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conprises : an input shaft connected to a steering wheel ; an electric 
motor for assisting steering which is driven and controlled in 
accordance with the steering torque applied on said steering wheel ; 
an output shaft interlocked to said electric motor; and a torque 
5 detecting device according to any one of claims 12 to 18 for detecting 
the steering torque applied on said input shaft in accordance with 
the torsional angle generated in a connecting shaft for connecting 
said input shaft and said output shaft . 

In the present invention, the input shaft is connected to 

10 the steering wheel. The electric motor for assisting steering is 
driven and controlled in accordance with the steering torque applied 
onthesteeringwheel . Theoutput shaft is interlockedto the electric 
motor. Any one of the torque detecting device according to the 
twelfth invention to eighteenth invention detects the steering 

15 torque applied on the input shaft in accordance with the torsional 
angle generated in the connecting shaft for connecting the input 
shaft and the output shaft. Thus, the steering apparatus can be 
realized which is capable of detecting torque when a sag portion 
ispresent in the characteristic of theoutput voltage of the magnetic 

20 sensors of the torque detecting device and easily managing the 
accuracy of the output voltage of the magnetic sensor when the 
torque detecting device is manufactured. 

A rotational angle detecting device according to a twentieth 
invention conprises: a rotating shaft having a portion which is 

25 magnetically discontinuous on the circumferential surface thereof 
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in an axial and a circumferential directions thereof; and first 
magnetic sensors for detecting the positions where magnetic change 
occurs on the circumferential surfaces of said rotating shaft in 
said axial direction when said rotating shaft rotates; wherein 
5 a rotational angle of said rotating shaft from said magnetic sensor 
as the base point is detected inaccordance with the position detected 
by said magnetic sensor, further comprising; one or more second 
magnetic sensors for detecting a position distant from the position 
whichmustbedetectedbysaidf irstmagneticsensorforapredetermined 

10 distance; and a judging unit for judging a failure in accordance 
with the distance between the position detected by said second 
magnetic sensor and said first magnetic sensor. 

In the present invention, the portion which is magnetically 
discontinuous is provided on the circumferential surface of the 

15 rotating shaft such that the portion which is magnetically 
discontinuous is displaced in the axial and circumferential 
directions of the rotating shaft . The first magnetic sensor detects 
the position of the portion in the axial direction. Thus, the 
rotational angle from the first magnetic sensor as the base point 

20 of the rotating shaft is detected in accordance with the position 
detectedby the first magnetic sensor . Theoneormore second magnet ic 
sensors are provided for detecting a position distant from the 
position which must be detected by the first magnetic sensor for 
a predetermined distance. The judging unit judges a breakdown in 

25 accordance with the distance of the positions detected by the second 
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and first magnetic sensors. Thus, the rotational angle detecting 
device can be realized which does not include a contact and sliding 
portion, which realizes satisfactory durability, and a breakdown 
of which can easily be detected. 
5 Arotationalangledetectingdeviceaccordingtoatwenty- first 

invention is constructed such that saidportion which ismagnetically 
discontinuous is provided spirally on the circumferential surface 
of said rotating shaft. 

In the present invention, the portion which is magnetically 

10 discontinuous is spirally provided on the circumferential surface 
of the rotating shaft in the axial and circumferential directions 
thereof. By detecting the position of the portion which is 
magnetically discontinuous in the axial direction, the rotational 
angle of the rotating shaft from the first magnetic sensor as the 

15 base point can be detected . The one or more second magnetic sensors 
are provided for detecting positions distant from the position 
whichmustbedetectedby the firstmagnetic sensor forapredetermined 
distance. The judging unit judges breakdown in accordance with 
the distance between positions detected by the second magnetic 

20 sensor and the first magnetic sensor. Thus, the rotational angle 
detecting device can be realized which does not include a contact 
and sliding portion, which realizes satisfactory durability, and 
a breakdown of which can easily be detected. 

A rotational angle detecting device according to a 

25 twenty- second invention comprises: a rotating shaft having 
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protrusionsprovidedspirallyonthecircijimferential surface thereof 
and made of magnetic material ; a first magnetic sensor for detecting 
the position where magnetic change occurs on the circumferential 
surface of said rotating shaft in said axial direction when said 
5 rotating shaft rotates ; wherein a rotational angle of said rotating 
shaf tf romsaidf irstmagneticsensorinthecircumf erentialdirection 
of said rotating shaft is detected in accordance with the position 
detected by said first magnetic sensor, further comprising; one 
or more second magnetic sensors for detecting a position distant 
10 from the position which must be detected by said first magnetic 
sensor for a predetermined distance; and a judging unit for judging 
a failure in accordance with the intervals between the position 
detected by said second magnetic sensor and said first magnetic 
sensor . 

15 In the present invention, the protrusion made of magnetic 

material is spirally formed on the circumferential surface in the 
axial direction of a rotating shaft. The first magnetic sensor 
detects the position of the protrusion in the axial direction of 
the rotating shaft. Thus, the rotational angle of the rotating 

20 shaft from the first magnetic sensor as the base point in the 
circumferential direction is detected. The one or more second 
magnetic sensor are provided for detecting a position distant from 
the position which must be detected by the first magnetic sensor 
for a predetermined distance. The judging unit judges breakdown 

25 in accordance with the distance of the positions detected by the 




second magnetic sensor and the first magnetic sensor. Thus, the 
rotational angle detecting device can be realized which does not 
include a contact and sliding portion, which realizes satisfactory 
durability, and a breakdown of which can easily be detected. 
5 Atorquedetectingdeviceaccordingtoatwenty-thirdinvention 
detects torque applied on an input shaft in accordance with the 
torsional angle generated in a connecting shaft for connecting 
said input shaft and an output shaft, comprising: a rotational 
angle detecting device according to any one of claims 20 to 22 
10 attached to each of said input shaft and said output shaft; and 
a detector for detecting the difference in the angles detected 
by said rotational angle detecting devices; wherein the difference 
in the angle detected by said detector is made to be a torsional 
angle . 

15 In the present invention, the torque applied on the input 

shaft is detected in accordance with the torsional angle generated 
in the connecting shaft for connecting the input shaft and the 
output shaft . The rotational angle detecting device according to 
any one of the twentieth invention to the twenty- second invention 

20 is attached to each of the input shaft and the output shaft . The 
detector detects the difference in the rotational angle detected 
by each of the rotational angle detecting devices. The detected 
difference in the rotational angle is made to be the torsional 
angle generated in the connecting shaft . Thus , the torque detecting 

25 device can be realized which has a simple construction, which is 
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capable of reducing the manufacturing cost and which is arranged 
to detect breakdown. 

A steering apparatus according to a twenty- fourth invention 
comprises : an input shaft connected to a steering wheel ; an electric 
5 motor for assisting steering which is driven and controlled in 
accordance with the steering torque applied on said steering wheel ; 
an output shaft interlocked to said electric motor; and a torque 
detecting device according to claim 23 for detecting the steering 
torque applied on said input shaft in accordance with the torsional 

10 angle generated in a connecting shaft for connecting said input 
shaft and said output shaft; wherein a rotational angle detecting 
device includedinsaidtorquedetectingdevicedetectstherotational 
angle of said steering wheel . 

In the present invention, the input shaft is connected to 

15 the steering wheel. The electric motor for assisting steering is 
driven and controlled in accordance with steering torque applied 
onthesteeringwheel . Theoutput shaft is interlocked to theelectric 
motor. The torque detecting device according to the twenty- third 
invention detects the steering torque applied on the input shaft 

20 in accordance with the torsional angle generated in the connecting 
shaft for connecting the input shaft and the output shaft. Thus, 
therotationalangledetectingdeviceincludedinthetorquedetecting 
device detects the rotational angle of the steering wheel. Thus, 
the steering apparatus comprising the torque detecting device 

25 according to the twenty- third invention can be realized . Moreover, 
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the steering apparatus is able to use either or both of the rotational 
angle detecting device according to any one of the twentieth invention 
to twenty- second invent ion as the rotational angle detecting device . 

Atorquedetectingdeviceaccordingtoatwenty-f if thinvention 
5 comprises : an input shaft and an output shaft each having a portion 
which i s magne t i cal ly di scont inuous in an axial and a c i rcumf erent i al 
directions thereof; a connecting shaft for connecting said input 
shaft and said output shaft; first and second magnetic sensors 
for detecting the positions where magnetic change occurs on the 

10 circumferential surfaces of said input shaft and said output shaft 
in said axial direction when said input shaft and said output shaft 
rotate; thirdandf ourthmagnetic sensors for detecting the posit ions 
insaidaxial direction which are distant fromsaidposit ions detected 
by saidf irst andsecondmagnetic sensors forapredetermined distance 

15 in said circumferential direction and/or said axial direction; 
wherein whether or not said positions detected by said first to 
fourth magnetic sensors are included in a first range is judged; 
the position for detecting a torsional angle of said connecting 
shaft for each of said input shaft and said output shaft is detected 

20 in accordance with the judgement result is made; a torsional angle 
isdetectedinaccordancewitheachpositionselectedbysaidselector; 
and the torque applied on said input shaft is detected in accordance 
with the torsional angle; further comprising; a first selector 
for selecting a pair which does not include a broken magnetic sensor 

25 from a pair consisting of said first magnetic sensor and said second 
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magnetic sensor and a pair consisting of said third magnetic sensor 
and said fourth magnetic sensor when any one of said first to fourth 
magnetic sensor has been broken; a judging unit for judging whether 
or not the positions detected by said magnetic sensor of the pair 
5 selected by said first selector is included in a second range which 
is larger than said first range; and a detector for detecting the 
torsional angle in accordance with said position when said judging 
unit has judged that the position is included in said second range; 
wherein torque applied on said input shaft is detected in accordance 
10 with the torsional angle detected by said detector. 



detect thepositionsof portions whicharemagneticallydiscontinuous 
formed on the circumferential surface of each of the input shaft 
and the output shaft connected to each other by a connecting shaft 

15 with displacement in the axial and circumferential directions. 
The position of the portion distant from the position of the portion 
detected by the first magnetic sensor and the second magnetic sensor 
for a predetermined distance in the circumferential direct ion and/or 
the axial direction is detected by the third and fourth magnetic 

20 sensors. Then, whether or not the position detected by each of 
the first to fourth magnetic sensors is present in a first range 
is judged. The position for detecting the torsional angle of the 
connecting shaft is selected for each of the input shaft and the 
output shaft in accordance with a judgement result. The torsional 

25 angle is detected in accordance with each of the selected positions . 



Inthe present invention, the first andsecondmagnetic sensors 
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The torque applied on the input shaft is detected in accordance 
with the detected torsional angle. The first selector selects a 
pair from a pair consisting of the first magnetic sensor and the 
second magnetic sensor and a pair consisting of the third magnetic 
5 sensor and the fourth magnetic sensor which does not include a 
magnetic sensor encountered breakdown when any one of the first 
to fourth magnetic sensor has encountered breakdown. The judging 
unit judges whether or not the position of the portion detected 
by the magnetic sensors in the pair selected by the first selector 

10 is present in a second range which is larger than the first range; 
and a detector for detecting the torsional angle in accordance 
with the position of the portion when the judging unit has judged 
that the position of the portion is present in the second range. 
Thus , the torque applied on the input shaft is detected in accordance 

15 with the torsional angle detected by the detector . Thus , the torque 
detecting device can be realized which comprises four magnetic 
sensors and which is capable of preventing interruption of torque 
detection in a case where breakdown of one of the magnetic sensors 
has occurred so that assisting steering is not rapidly changed. 

20 Atorquedetectingdeviceaccordingtoatwenty-sixthinvention 
has a construction that said judging unit includes: a second selector 
for selecting a pair which does not include a broken magnetic sensor 
from a pair consisting of said first magnetic sensor and said third 
magnetic sensor and a pair consisting of said second magnetic sensor 

25 and said fourth magnetic sensor; a judging unit for judging whether 
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or not two positions detected by said magnetic sensors in a pair 
selected by said second selector are included in said first range ; 
a third selector for selecting one position from said two positions 
in accordance with a judgement result made by said judging unit; 
and a corrector for correcting the position selected by said third 
selector in accordance with said two positions and saidpredetermined 
distance; wherein whether or not said position is included in said 
second range is judged in accordance with the position corrected 
by said corrector. 

In the present invention, the second selector selects the 
pair from the pair consisting of the first magnetic sensor and 
the third magnetic sensor and the pair consisting of the second 
magnetic sensor and the fourth magnetic sensor which does not include 
the magnet ic sensor encount ered breakdown . The j udging unit j udges 
whether or not the two positions detected by the pairwise magnetic 
sensors selected by the second selector are present in the first 
range . The third selector select s one position from the twoposi t ions 
in accordance with a judgement result made by the judging unit. 
The corrector corrects the position selected by the third selector 
in accordance with the two positions and each of a predetermined 
distance . Thus , whether or not the position of the portion is present 
in the second range in accordance with the position corrected by 
the corrector. As a result, the torque detecting device can be 
realized which comprises the four magnetic sensors and which is 
capable of preventing interruption of torque detection in a case 
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where breakdown of one of the magnetic sensors has occurred so 
that assisting steering is not rapidly changed. 

A torque detecting device according to a twenty- seventh 
invention has a construction that saidportion which is magnetically 
5 discontinuous is provided spirally on each circumferential surface 
of said input shaft and said output shaft . 

In the present invention, the portion which is magnetically 
discontinuous is spirally provided on the circumferential surface 
of each of the input shaft and the output shaft. Therefore, the 

10 position detected by each of the magnetic sensors in the axial 
direction and an angle in the circumferential direction can be 
made correspond to each other. Therefore, the torque detecting 
device can be realized which is capable of preventing interruption 
of torque detection in a case where breakdown of one of the four 

15 magnetic sensors has occurred so that assisting steering is not 
rapidly changed. 

A torque detecting device according to a twenty- eighth 
invention has a construction that a plurality of said portions 
which are magnetically discontinuous are provided on the 

20 circumferential surface of each of said input shaft and said output 
shaft at the same intervals. 

In the present invention, a plurality of the portions which 
are magnetically discontinuous are provided on the circumferential 
surface of each of the input shaft and the output shaft at the 

25 same intervals. Therefore, the output voltage of the magnetic sensor 
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per angle in the circumferential direction can be raised . Therefore , 
the torque detecting device can be realized which is capable of 
prevent ing interrupt ionof torque detect ion in a case where breakdown 
of one of the four magnetic sensors has occurred so that assisting 
5 steering is not rapidly changed. 

Atorquedetectingdeviceaccordingtoatwenty-ninthinvention 
is constructed such that said portion which is magnetically 
discontinuous is formed by protrusions made of magnetic material . 

In the present invention, the portion which is magnetically 

10 discontinuous isaprotrusionmadeof magnetic material . Therefore, 
the torque detecting device can be realized which is able to detect 
the torque when a sag portion is present in the characteristic 
of the output voltage of the magnetic sensor and which is capable 
of preventing interruption of torque detection in a case where 

15 breakdown of one of the four magnetic sensors has occurred so that 
assisting steering is not rapidly changed. 

A steering apparatus according to a thirtieth invention 
comprises : an input shaft connected to a steering wheel ; an electric 
motor for assisting steering which is driven and controlled in 

20 accordance with the steering torque applied on said steering wheel ; 
an output shaft interlocked to said electric motor; and a torque 
detecting device according to any one of claims 25 to 2 9 for detecting 
the steering torque applied on said input shaft in accordance with 
the torsional angle generated in a connecting shaft for connecting 

25 said input shaft and said output shaft. 
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In the present invention, the input shaft is connected to 
the steering wheel . The electric motor for assisting steering is 
driven and controlled in accordance with steering torque applied 
on the steeringwheel . Theoutput shaft is interlockedto the electric 
5 motor. The torque detecting device according to any one of the 
twenty- fifth invention to twenty-ninth invention detects the 
steering torque applied on the input shaft in accordance with the 
torsional angle generated in the connecting shaft for connecting 
the input shaft and the output shaft . Thus, the steering apparatus 
10 can be realized which comprises a torque detecting device having 
four magnetic sensors, which is capable of preventing interruption 
of torque detection in a case where breakdown of one of the four 
magnetic sensors has occurred so that assisting steering is not 
rapidly changed. 

15 Arotationalangledetectingdeviceaccordingtoathirty- first 

invention comprises: a plurality of targets disposed in the 
circumferential direction of a rotating shaft such that said targets 
are inclined with respect to an axial direction of said rotating 
shaft by substantially the same angles; magnetic sensor disposed 

20 opposite to the position where said targets are disposed to generate 
outputs which are changed when each target passes; and an angle 
calculator for calculating the rotational angle of said rotating 
shaft in accordance with a result obtained by multiplying outputs 
of said magnetic sensor with a gain, wherein said angle calculator 

25 includes a gain corrector for correcting said gain in accordance 
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with a maximum value and a minimum value of outputs of said magnetic 
sensor when said plural targets pass. 

In the present invention, the hysteresis of the output of 
the magnetic sensor disposed opposite to the targets is monitored. 
5 In accordance with the maximum value and the minimum value of the 
output generated during passing of the previous target, the gain 
with which the output of the magnetic sensor during passing of 
a next target is multiplied is sequentially corrected. When the 
next target passes, the rotational angle is calculated in accordance 

10 with a result of multiplication of the actual output of the magnetic 
sensor with the corrective gain. Thus, change in the output 
characteristics of the magnetic sensor caused from an influence 
of the temperature and an influence caused from time is compensated. 
A rotational angle detecting device according to a 

1 5 thirty- second invent ion is constructed such that saidgain corrector 
according to the thirty- first invention obtains a ratio of the 
difference between the maximum value and the minimum value and 
a predetermined reference difference to obtain a corrective gain 
by mul t iplying a result with the reference gain set for said reference 

20 difference. 

In the present invention, the difference between the maximum 
value and a minimum value of the output of the magnetic sensor 
during passing of the target is obtained as a value on which any 
influence of change of the air gap is not exerted. The reference 

25 gain set with respect to the reference difference is multiplied 
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with the ratio of the difference and the predetermined reference 
difference to obtain an accurate corrective gain. In a period in 
which the next target passes, the corrective gain is multiplied 
with the actual output of the magnetic sensor so as to be made 
5 coincide with the reference output characteristic. In accordance 
with a result, an accurate rotational angle is calculated. 

Arotationalangledetectingdeviceaccordingtoathirty- third 
invention comprises: a plurality of targets disposed in the 
circumferential direction of a rotating shaft such that said targets 

10 are inclined with respect to an axial direction of said rotating 
shaft by substantially the same angles; magnetic sensor disposed 
opposite to the position where said targets are disposed to generate 
outputs which are changed when each target passes; and an angle 
calculator for calculating the rotational angle of said rotating 

15 shaft in accordance with a result obtained by multiplying outputs 
of said magnetic sensor with a gain, wherein said angle calculator 
includes an offsetting unit for of f setting said output in accordance 
with a maximum value and a minimum value of outputs of said magnetic 
sensor when said plural targets pass. 

20 In the present invention, the hysteresis of the output of 

the magnetic sensor disposed opposite to the targets is monitored. 
In accordance with the maximum value and the minimum value of the 
output during passing of the previous target, the offset amount 
superimposed on the output owing to change of the air gap between 

25 the target and the magnetic sensor is sequentially obtained. In 
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a period in which a next target passes, the obtained amount of 
offset for the previous target is added to the actual output of 
the magnetic sensor to omit an error in the output caused from 
change of the air gap. In accordance with a result, an accurate 
5 rotational angle is calculated. 

A rotational angle detecting device according to a 
thirty- fourth invention has a construction that said offsetting 
unit according to the thirty- third invention makes the difference 
between an average value of said maximum value and said minimum 
10 value and a predetermined reference average value to be an offset 
amount . 

In the present invention, the average value of the maximum 
value and the minimum value of the output of the magnetic sensor 
during passing of the previous target is obtained as a value on 

15 which any influence is exerted from the output characteristics 
of the magnetic sensor . The difference between the foregoing value 
and the predetermined reference average value is made to be the 
offset amount which is added to the output of the magnetic sensor 
generated in a period in which a next target passes . In accordance 

20 with a result of addition, an accurate rotational angle from which 
an influence of change of the air gap has been omitted is calculated. 

Arotationalangledetectingdeviceaccordingtoathirty- fifth 
invention is constructed such that a plurality of said magnetic 
sensors according to the thirty- first invention to thirty- fourth 

25 invention are provided in the circumferential direction on the 
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outside of said target such that the phases are shifted. 

In the present invention, a plurality of the magnetic sensors 
are provided in the circumferential direction of the target such 
that the phases of the magnetic sensors are shifted in the 
5 circumferential direction. Therefore, inf luencesof thedif f erence 
in the output characteristics of each magnetic sensor and that 
in the air gap between each magnetic sensor and the target can 
be eliminated. Thus, an accurate rotational angle is calculated. 

Atorquedetectingdeviceaccordingtoathirty-sixthinvention 

10 comprises: two rotational angle detecting devices according to 
any one of the thirty- first invention to thirty- fifth invention 
disposed apart from each other in the axial direct ion of said rotat ing 
shaft; and a torque calculator for calculating the torque applied 
on said rotating shaft in accordance with the difference in the 

15 rotational angledetectedbyeachrotational angle detect ing device . 

In the present invention, two rotational angle detecting 
devices which can obtain an accurate rotational angle without any 
influence of the output characteristics of each magnetic sensor 
and that of the air gap between the magnetic sensor and the target 

20 are disposed in the axial direction of the rotating shaft which 
must be detected . In accordance with the di f f erence in the rotat ional 
angle detected by each of the rotational angle detecting devices, 
the rotational torque applied on the rotating shaft can accurately 
be detected. 

25 A torque detecting device according to a thirty- seventh 
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invention is constructed such that said rotating shaft according 
to the thirty- sixth invention is a member constructed by coaxially 
connecting a first shaft and a second shaft to each other through 
a torsion bar; and said targets are disposed adjacent to connecting 
5 portion between said first shaft and said second shaft. 

In the present invention, the member formed by coaxially 
connecting the first shaft and the second shaft through the torsion 
bar must be detected. The target is parallelly provided for each 
of the first and second shafts. Moreover, a magnetic sensor is 

10 disposed opposite to the targets to accurately detect the rotational 
torque applied on the first and second shafts in accordance with 
the difference in the rotational angle generated between the two 
shafts with a twist of the torsion bar. 

A steering apparatus according to a thirty-eighth invention 

15 comprises: a rotational angle detecting device according to any 
one of the thirty- first invention to thirty- fifth invention 
constructed such that a steering shaft for connecting a steering 
wheel and a steering mechanism is said rotating shaft; and a torque 
detecting device according to the thirty-sixth invention and/or 

20 the thirty- seventh invention. 

In the present invention, above-mentioned rotational angle 
detecting device and torque detecting device are applied to the 
steering apparatus for an automobile. Accurately detected values 
of the steering angle and the steering torque are obtained. The 

25 obtained results are used to, for example, drive and control the 
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rotation of the electric motor for assisting steering. Thus, a 
reliable electric power steering apparatus is provided. 

Atorquedetectingdeviceaccordingtoathirty-ninthinvention 
comprising: two pairs of plural targets and two magnetic sensors, 
wherein said plural targets are disposed in the circumferential 
direction of a rotating shaft and inclined with respect to an axial 
direction of said rotating shaft by substantially the same angles ; 
and said two magnetic sensors are disposed opposite to each other 
at positions on the outside of said targets such that the phases 
of saidmagnetic sensors are shifted in the circumferential direction 
to generate outputs which are changed when each target passes; 
are provide apart from each other in the axial direction of said 
rotating shaft, and the difference between outputs of either of 
selected magnetic sensor in each pair is used to calculate the 
rotational torqueappliedonsaidrotatingshaft ; f urthercomprising : 
a comparator for comparing the absolute value of the difference 
in the output of the selected magnetic sensors and the difference 
in the output of the non-selected magnetic sensors; a judging unit 
for judging the sign of the difference in the output between selected 
magnetic sensors and the sign of the difference in the output between 
non- selected magnetic sensors; and a selector for selecting 
a magnetic sensor for use in calculating the rotational torque 
in accordance with a judgement result by said judging unit and 
a comparison result by said comparator. 

In the present invention, the torque detecting device has 
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the construction that the two pairs of the targets and the magnetic 
sensors are provided in the axial direction of the rotating shaft 
which must be detected. In accordance with the difference in the 
output between the magnetic sensors in the two pairs , the rotational 
torque is calculated. When change in the outputs of the selected 
magnetic sensors in the two pairs which are being used to calculate 
the rotational torque is observed, attention is given to a fact 
that the sign of the difference in the output is inverted between 
a linearly- changed region and a nonlinearly- changed region. In 
accordance with inversion of the sign and reduction in the absolute 
value of the difference in the output occurring before the inversion, 
shift from the linearly- changed region to the nonlinearly- changed 
region is judged. In accordance with a result of the judgement, 
a magnetic sensor for use to calculate the rotational torque is 
selected. 

A torque detecting device according to a fortieth invention 
has a construction that said selector according to the thirty-ninth 
invention changes selection of said magnetic sensor when the 
comparisonby said comparator has resulted in a fact that the absolute 
value of the difference in the output of the selected magnetic 
sensors is larger than the absolute value of the difference in 
the output of the non- selected magnetic sensors by a predetermined 
quantity under condition that the judgement result by said judging 
unit are such that the selected magnet ic sensors and the non- selected 
magnetic sensors are the same. 
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In the present invention, a judgement is performed such that 
the output of the selected magnetic sensor is being shifted from 
the linearly- changed region to the nonlinearly- changed region when 
the absolute value of the difference in the output of the magnetic 
5 sensors for use to calculate the present rotational torque is smaller 
than the absolute value of the difference in the output of the 
non-selected magnetic sensor, that is, the magnetic sensor which 
is not used to calculate the present rotational torque. Thus, 
switching of the magnetic sensor which is being selected at present 

10 tothenon-selectedmagneticsensorisperf ormed . Whenthedif f erence 
in the output of the non- selected magnetic sensor presents in the 
nonlinearly-changedregion, there is apprehension that the foregoing 
relationship about the magnitude of the absolute value is held. 
Therefore, also the sign of the difference in the output of the 

15 magnetic sensors which are being selected and those which are not 
being selected is detected. The foregoing switching is performed 
only when the signs of the differences are the same. 

Atorquedetectingdeviceaccordingtoa forty-first invention 
is constructed such that said rotating shaft according to the 

20 thirty-ninth invention or fortieth invention is amember constructed 
by coaxially connecting a first shaft and a second shaft to each 
other through a torsion bar; and said targets are disposed adjacent 
to connecting portions between said first shaft and said second 
shaft . 

25 In the present invention, the targets are parallelly provided 
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on the first shaft and the second shaft coaxial ly connected to 
eachother through the torsionbar . Twomagneticsensorsaredisposed 
opposite to each other on the outside of each target . The great 
difference in the rotational angle generated between the two shafts 
with twisting of the torsion bar is accurately detected by selecting 
the magnetic sensor . A result of the detection is used to accurately 
detect the rotational angle which is applied on the first and second 
shafts . 

A steering apparatus according to a forty- second invention 
comprises a torque detecting device according to any one of the 
thirty-ninth invention to forty- first invention constructed such 
that a steering shaft for connecting a steering wheel and a steering 
mechanism is said rotating shaft . 

Inthepresent invention, thetorquedetectingdeviceaccording 
to the thirty-ninth invention to forty-first invention capable 
of accuratelycalculatingthetorqueisappliedtoasteeringapparatus 
for an automobile. An accurately detected value of the steering 
torque which is applied on the steering shaft for performing steering 
is detected. A result of the detection is used to perform various 
controls, suchascontrolof theelectricmotorforassistingsteering. 

A torque detect ing device according to a forty- third invent ion 
comprises : two sets of plural targets and a magnetic sensor, wherein 
said plural targets are disposed in the circumferential direction 
of a rotating shaft and inclined with respect to an axial direction 
of said rotating shaft by substantially the same angles; and said 
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magnetic sensors are disposed opposite to the posit ion corresponding 
to said targets to generate output changed when each target passes; 
are disposed apart from each other in the axial direction of said 
rotating shaft; and a torque calculating unit for calculating the 
rotational torque applied on said rotating shaft in accordance 
with the difference in the output of the magnetic sensors of two 
sets ; wherein said torque calculating unit obtains an average value 
of said two pairs of said magnetic sensors during passing of each 
of said plural targets to set a corrective gain with which each 
output is multiplied so as to make coincide the outputs of the 
two sets of said magnetic sensors with said average value. 

In the present invention, the hysteresis of the outputs of 
the magnetic sensors opposite to the targets disposed apart from 
one another in the axial directionof the rotating shaft ismonitored . 
The average value of the outputs of the magnetic sensors in a period 
in which the previous target passes is obtained. The corrective 
gain for making the outputs of the two magnetic sensors to coincide 
with the foregoing average value is previously set . In a period 
in which a next target passes, the outputs of the magnetic sensors 
are not directly used . As an alternative to this , a result obtained 
by multiplying the set corrective gain with the foregoing outputs 
is used to calculate the rotational torque. Thus, change in the 
output characteristicsof themagneticsensorcausedf romaninf luence 
of the temperature and an influence owing to time is compensated. 

Atorquedetectingdeviceaccordingtoaforty-fourthinvention 
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is constructed such that a plurality of said two sets of said magnetic 
sensors are disposed in the circumferential direction on the outside 
of said target such that the phase of said magnetic sensors are 
shifted. 

5 In the present invention, the plural magnetic sensors are 

disposed on the outside of each of the two targets provided for 
the rotating shaft. An influence of the difference in the output 
characteristics of each magnetic sensor can be eliminated, causing 
accurate calculation of the rotational torque to be performed. 

10 Atorquedetectingdeviceaccordingtoaforty-f if thinvention 

is constructed such that said rotating shaft is a member constructed 
by coaxially connecting a first shaft and a second shaft to each 
other through a torsion bar; and said targets are disposed adjacent 
to connecting portions between said first shaft and said second 

15 shaft. 

In the present invention, the targets are parallelly provided 
for each of the first and second shafts coaxially connected to 
each other through the torsionbar . Themagnet ic sensors aredisposed 
opposite to the targets . Thus , a great difference in the rotational 

20 angle generated between the two shafts with the twisting of the 
torsion bar is accurately calculated by setting the foregoing 
corrective gain. A result of the calculation is used to accurately 
detect the rotational angle applied on the first and second shafts . 

A steering apparatus according to a forty- sixth invention 

25 comprises a torque detecting device according to any one of the 
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forty-third invention to forty-fifth invention constructed such 
that a steering shaft for connecting a steering wheel and a steering 
mechanism is said rotating shaft. 

In the present invention, above-mentioned torque detecting 
device is applied to a steering apparatus for an automobile. An 
accurately detected value of the steering torque applied on the 
steering shaft for performing steering is detected. A result of 
the detection is used to perform various controls, such as control 
of the electric motor for assisting steering. 

A rotational angle detecting device according to a 
forty- seventh invention comprises: a plurality of targets made 
of magnetic material and disposed in the circumferential direction 
of arotatingshaf tsuchthatsaidtargetsareinclinedbysubstantially 
the same angles with respect to the axial direction of said rotating 
shaft; and magnetic sensor disposed opposite to said targets and 
to generate output changed when each target passes; wherein the 
rotational angle of said rotating shaft is detected in accordance 
with the output generatedby said magnetic sensors when said magnetic 
sensor passes; further comprising: a target plate formed into an 
annular disc-like shape having a fitting hole for fitting to said 
rotating shaft at an axis thereof from outside and integrally 
comprising said targets by a bending process. 

In the present invention, the plural targets inclined with 
respect to the axial direction and provided in the circumferential 
direction are integrally formed with the outer periphery of the 
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annular disc-shape plate having a fitting hole for fitting the 
rotating shaft formed in the axis thereof and made of magnetic 
material by press-working performed from the two positions in the 
direction of the thickness of the annular disc-shape plate. The 
thus -manufactured target plate is, from outside, secured to the 
rotating shaft through the fitting hole. Thus, a target realizing 
excellent accuracy of the shape thereof can easily be manufactured. 
The magnetic sensor is disposed on the outside of the targets to 
opposite the targets . In accordance with an output of the magnetic 
sensor, an accurate rotational angle is obtained. 

Atorquedetectingdeviceaccordingtoaforty-eighthinvention 
comprises: two rotational angle detecting devices according to 
the forty- fourth invention disposed apart from each other on the 
rotating shaft in the axial direction of said rotating shaft ; wherein 
the rotational torque applied on said rotating shaft is calculated 
in accordance with the difference in the rotational angle detected 
by said rotational angle detecting devices. 

In the present invention, two target plates integrally 
comprising targets realizing excellent accuracy of the shape is 
fitted to the rotating shaft in the axial direction of the rotating 
shaft. Moreover, the magnetic sensor is disposed opposite to each 
target at a posit ion on the outside of the target plate . In accordance 
with the difference in the rotational angles each of which is obtained 
in accordance with the output of the magnetic sensor, accurate 
rotational torque is obtained. 
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A torque detect ing device according to a forty- ninth invent ion 
is constructed such that said rotating shaft according to the 
forty-eighth invention is a member constructed by coaxially 
connecting a first shaft and a second shaft to each other through 
5 a torsion bar; and said targets are fitted from outside adjacent 
to connecting portions between said first shaft and said second 
shaft . 

In the present invention, the target plate integrally 
comprising the targets realizing excellent accuracy of the shape 

10 is fitted to the first shaft and second shaft which are coaxially 
connected to each other through the torsion bar. Moreover, the 
magnetic sensors are disposed on the outside of the target plates 
to be opposite to the target plates. Thus, the great difference 
in the rotational angle generated between the first and second 

15 shafts with twisting of the torsion bar is accurately detected. 
The result of the detection is used to detect the rotational torque 
with high accuracy applied on the first and second shafts. 

A steering apparatus according to a fiftieth invention 
comprises: a rotational angle detecting device according to the 

20 forty- seventh invention constructed such that a steering shaft 
for connecting a steering wheel and a steering mechanism is said 
rotating shaft ; and a torque detecting according to the forty-eighth 
invention and/or the forty-ninth invention. 

In the present invention, the rotational angle detecting 

25 device according to the forty-seventh invention capable of detecting 
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the rotational angle with high accuracy and the torque detecting 
deviceaccordingtotheforty-eighthinventionand/orthe forty-ninth 
invention capable of detecting the rotational torque with high 
accuracy is applied to a steering apparatus of an automobile. An 
accurately detected value of the rotational angle (the steering 
angle) of the steering shaft and that of the rotational torque 
(the steering torque) applied on the steering shaft are detected. 
Results of the detection are used to perform various controls, 
such as the control of the electric motor for assisting steering. 

A torquedetecting device according toa fifty- first invention 
comprises; a plurality of targets made of magnetic material and 
provided on the circumferential direction of each of first and 
second shafts coaxially connected to each other through a torsion 
bar; and magnetic sensors disposed opposite to said targets on 
the outside of said targets; wherein the rotational torque applied 
on each of said first and second shafts is detected in accordance 
with the difference in the outputs generated by said magnetic sensors 
when each of said targets passes ; further comprising : target plates 
fit to said first and second shafts from outside , respectively 
andhavingsaidtargetsformedthereon; andalimitingmemberdisposed 
between said target plates to limit inclination of said target 
plates in a plane including the axis. 

In the present invention, the limiting member is disposed 
between the target plates fitted to the first and second shafts 
and having the targets on the circumferential surface thereof. 
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Thus, inclination of the target plates occurring in a plane including 
the axis caused from deflection and deformation of the torsion 
bar is limited . Thus , change in the position of the targets provided 
for the outer surface is prevented . Thus , occurrence of a detection 
error of the rotational torque can be prevented. 

Atorquedetectingdeviceaccordingtoaf if ty-secondinvention 
has a construction such that said limiting member according to 
the fifty-first inventionis constructedby an annul armemberengaged 
and supported by said first or second shafts and having two sides 
brought into contact with said target plates. 

In the present invention, the two sides of the annular member 
fitted to the first and second shafts are brought into contact 
with the target plates fitted to the two shafts . The limiting member 
limits the inclination of the target plates. The annular member 
maintains its attitude such that the first and second shafts are 
used as support members. Thus, limitation of the inclination of 
the target plate can reliably be performed. Change in the position 
of the target can be prevented to detect the rotational torque 
with high accuracy. 

A steering apparatus according to a fifty-third invention 
comprises a torque detecting device according to the fifty- first 
invention or the fifty-second invention having said first shaft 
which is an input shaft connected to a steering wheel and a second 
shaft which is an output shaft connected to a steering mechanism. 

Inthepresent invent ion , the torquedetect ingdeviceaccording 
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to the fifty-first invention or the fifty-second invention capable 
of detecting the rotational torque with high accuracy is applied 
to a steering apparatus for an automobile. The rotational torque 
(the steering torque) applied on the steering shaft for connecting 
the steering wheel and the steeringmechanismis accurately detected. 
A result of the detection is used to perform various controls, 
such as control of the electric motor for assisting steering. 

A rotational angle detecting device according to the 
fifty- fourth invention is a rotational angle detecting device, 
comprising a rotational member; a target provided on the rotational 
member; first detecting means disposed to face the target so as 
to output a detection signal according to a rotation of the rotational 
member; and second detecting means disposed to face the target 
so as to output a detection signal whose phase is different from 
the detection signal outputted by the first detecting means by 
a predetermined electrical angle; and for detecting a displacement 
angle in a direction of rotation of the rotational member based 
on the detection signals outputted by the first detecting means 
and the second detecting means, the rotational angle detecting 
device being characterized by further comprising: first judging 
means for judging whether each of the detection signal outputted 
by the first detecting means and the detection signal outputted 
by the second detecting means is greater or less than a substantially 
middle value between maximum and minimum values to be taken by 
the detection signals; second judging means for judging a relation 
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in magnitude between the detection signal outputted by the first 
detecting means and the detection signal outputted by the second 
detecting means; and third judging means for judging magnitudes 
of differences between each of the detection signals and the 
substantially middle value; wherein the displacement angle in the 
direction of rotation of the rotational member is detected based 
on results of judgments by the first judging means, second judging 
means and third judging means. 

In this rotational angle detecting device of the invention, 
in accordance with the rotation of the rotational member, the first 
detecting means disposed to face the target outputs a detection 
signal and further the second detecting means disposed to face 
the target outputs a detection signal whose phase is different 
from the detection signal outputted by the first detecting means 
by a predetermined electrical angle, and a detection signal 
approximately to a sine wave or a triangular wave can be obtained 
based on the detection signals outputted by the first detecting 
means and the second detecting means, respectively. 

The first judging means judges whether each of the detection 
signalsoutputtedbythef irstdetectingmeansandtheseconddetecting 
means is greater or less than the substantially middle value between 
the maximum and minimum values to be taken by the detection signals , 
the second judging means judges a relation in magnitude between 
the detection signals outputted by the first detecting means and 
the second detecting means, the third judging means judges the 
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magnitudes of the differences between each of the detection signals 
and the substantially middle value, and the displacement angle 
in the direction of rotation of the rotational member is detected 
based on the results of the judgments by the first judging means, 
5 second judging means and third judging means. 

Accordingly, it is possible to easily eliminate a portion 
near a distorted region of a detection signal approximately to 
a sine wave or a triangular wave where a maximum nonlinear change 
rate is marked, thereby realizing a rotational angle detecting 
10 device capable of calculating the rotational angle by simple 
processing. 

A rotational angle detecting device according to the 
fifty-fifth invention is characterized in that a plurality of the 
targets are provided with a space therebetween in a circumferential 
15 direction of the rotational member. 

In this rotational angle detecting device of the invention, 
since aplurality of the targets are provided witha space therebetween 
in the circumferential direction of the rotational member, it is 
possible to improve the detection sensitivity and easily eliminate 
20 a portion near a distorted region of a detection signal where a 
maximum nonlinear change rate is marked, thereby realizing a 
rotational angle detecting device capable of calculating the 
rotational angle by simple processing. 

A rotational angle detecting device according to the 
25 fifty-sixth invention is characterized in that the targets are 
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made of protrusions arranged at substantially equally intervals 
in the circumferential direction of the rotational member. 

In this rotational angle detecting device of the invention, 
since the targets are made of protrusions arranged at substantially 
equally intervals in the circumferential directionof the rotational 
member, it is possible to readily obtain the targets by gear-cutting 
the circumferential surface of the rotational member, for example, 
and achieve a reduction in the costs. Moreover, it is possible 
to easily eliminate a portion near a distorted region of a detection 
signal where a maximum nonlinear change rate is marked, thereby 
real i zing a rotational angle detecting device capable of calculating 
the rotational angle by simple processing. 

A rotational angle detecting device according to the 
fifty- seventh invention is characterized in that the targets are 
made of non-dent portions between dents formed at substantially 
equal intervals in the circumferential directionof the rotational 
member so as to form the non-dent portions. 

In this rotational angle detecting device of the invention, 
since the targets are made of non-dent portions between dents formed 
at substantially equal intervals in the circumferential direction 
of the rotational member so as to form the non-dent portions, it 
is possible to readily obtain the targets by providing a cylindrical 
portion on the rotational member and forming dents made of through 
holes in the cylindrical port ion, forexample, andachieve a reduction 
in the costs . Moreover, it is possible to easily eliminate a portion 
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nearadistortedregionof adetectionsignalwhereamaximumnonlinear 
change rate ismarked, therebyrealizingarotational angle detecting 
device capable of calculating the rotational angle by simple 
processing. 

A rotational angle detecting device according to the 
fifty-eighth invention is characterized in that the targets are 
magnetized so that magnetic poles reverse at substantially equal 
intervals in a circumferential direction of the rotational member. 

In this rotational angle detecting device of the invention, 
since the targets are magnetized so that the magnetic poles reverse 
at substantially equal intervals in the circumferential direction 
of the rotational member, it is possible to readily obtain the 
targets as compared to the case where a target made of a permanent 
magnet is provided on the rotational member . Moreover, it ispossible 
to easily eliminate a portion near a distorted region of a detection 
signal where a maximum nonlinear change rate is marked, thereby 
realizinga rotational angle detecting device capable of calculating 
the rotational angle by simple processing. 

A torque detecting device according to the fifty-ninth 
invention is a torque detecting device for detecting a torque applied 
to a first shaft , based on a torsional angle generated in a connecting 
shaft connecting coaxially the first shaft and a second shaft, 
characterized by comprising rotational angle detecting devices 
of the fifty-sixth invention, attached to the first shaft and second 
shaft, respectively, wherein a difference between displacement 
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angles detected by the rotational angle detecting devices 
respectively is made to be the torsional angle. 

In this torque detecting device of the invention, a torque 
appliedtothe first shaft isdetectedby the torsional angle generated 
in the connecting shaft connecting coaxially the first shaft and 
second shaft. The rotational angle detecting devices of the 
fifty-sixth invention are attached to the first shaft and second 
shaft respectively, and the difference between displacement angles 
detected by the rotational angle detecting devices respectively 
is the torsional angle. 

Accordingly, it is possible to easily eliminate a 
nonlinearly- changed region of a detection signal or a portion near 
a distorted region where a maximum nonlinear change rate is marked, 
thereby realizing a torque detecting device capable of calculating 
the steering torque by simple processing. 

A steering apparatus according to the sixtieth invention 
is characterized by conpri sing: a first shaft connected to a steering 
wheel ; a steering assist electric motor driven and controlled based 
on a steering torque applied to the steering wheel; a second shaft 
interlocked with the electric motor; and a torque detecting device 
of the fifty- ninth invention for detecting a steering torque applied 
to the first shaft , basedona torsional anglegeneratedinaconnecting 
shaft connecting the first shaft and the second shaft. 

In this steering apparatus of the invention, the first shaft 
is connected to the steering wheel , and the steering assist electric 
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motor is driven and controlled based on the steering torque applied 
to the steering wheel . Since the second shaft is interlocked with 
the electric motor and the steering torque applied to the first 
shaft is detected by the torsional angle generated in the connecting 
shaft connecting the first shaft and the second shaft , it is possible 
to realize a steering apparatus comprising the torque detecting 
device of the fifty-ninth invention. 

A rotational angle detecting device according to the 
sixty- first invention is a rotational angle detecting device 
comprising: detecting means for detecting a position of a target 
and outputtingadetect ion signal according to the detected position; 
a rotational member on which the target is provided so that the 
detection signal changes according to a rotation; and angle 
calculatingmeansforcalculatingarotationalangleof the rotational 
member based on the detection signal multiplied by a gain, and 
characterized by comprising: means for detecting a maximum value 
and a minimum value of the detection signal multiplied by the gain; 
means for calculating a difference between the detected maximum 
value and minimum value; and gain correcting means for correcting 
the gain so that the calculated difference is equal to a preset 
reference difference. 

In this rotational angle detecting device, it is possible 
to correct the gain by the gain correct ing means , based on a di f f erence 
calculated by the means for detecting the maximum value and minimum 
value of the detection signal multiplied by the gain and the means 
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for calculating the difference between the maximum value and minimum 
value. Since the gain is corrected during the detection of the 
rotational angle , based on the difference between the maximum value 
and minimum value of the detection signal , it is possible to prevent 
5 detection errors resulting from the difference in the output 
characteristics of the individual detecting means by including 
compensation for characteristic change due to temperature and 
characteristic change with time, and further prevent detection 
errors resulting from change in the air gap between the target 

10 and the detecting means, thereby realizing a rotational angle 
detecting device capable of performing detection with high accuracy 
over a long time. 

A rotational angle detecting device according to the 
sixty-second invention is based on the sixty-first invention, and 

15 characterized by further comprising : means for calculating a ratio 
of the calculated difference to the reference difference; and means 
for calculating a corrective gain by multiplying a preset reference 
gain by the calculated ratio, wherein the gain correcting means 
corrects the gain to the corrective gain. 

20 In this rotational angle detecting device, the ratio of the 

dif f erencebetweenthemaximumvalueandrrunimumvalueof thedetection 
signal to the predetermined reference difference can be calculated 
by the means for calculating the ratio, and the corrective gain 
can be calculated by the means for calculating the corrective gain 

25 by multiplying the preset reference gain by the calculated ratio. 
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By multiplying the detection signal by the corrective gain, it 
is possible to cause the detect ion signal to coincide with a reference 
output characteristic and accurately calculate the rotational angle 
based on this result . 
5 A rotational angle detecting device according to the 

sixty- third invention is a rotational angle detecting device 
comprising: detecting means for detecting a position of a target 
and outputtingadetectionsignal according to thedetected posit ion ; 
a rotational member on which the target is provided so that the 

10 detection signal changes according to a rotation; and angle 

calculatingmeans forcalculatingarotationalangleof therotational 
member based on the detection signal multiplied by a gain, and 
characterized by comprising: means for detecting a maximum value 
and a minimum value of the detection signal; means for calculating 

15 an average value of the detected maximum value and minimum value : 
and offset correcting means for correcting the detection signal 
so that the calculated average value is equal to a preset reference 
average value. 

In this rotational angle detecting device, it is possible 
20 to correct the of f set of the detection signal by the of f set correcting 
means, based on an average value calculated by the means for detecting 
the maximum value and minimum value of the detection signal and 
the means for calculating an average value of the maximum value 
andminimumvalue . Since theoff set iscorrectedduringthedetection 
25 of the rotational angle, based on the average value of the maximum 
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value and minimum value of the detection signal, it is possible 
to prevent detection errors resulting from the difference in the 
output characteristicsof the individualdetectingmeansby including 
compensation for characteristic change due to temperature and 
5 characteristic change with time, and further prevent detection 
errors resulting from change in the air gap between the target 
and the detecting means, thereby realizing a rotational angle 
detecting device capable of performing detection with high accuracy 
over a long time. 

10 A rotational angle detecting device according to the 

sixty- fourth invention is based on the third invention, and 
characterized by further comprising means for calculating a 
difference between the calculated average value and the reference 
averagevalue , whereintheof f set correctingmeansaddsthedif f erence 

15 to the detection signal value so that the calculated difference 
becomes zero. 

This rotational angle detecting device calculates the 
difference between the average value of the maximum value and minimum 
value of the detection signal and a preset reference average value 
20 by the means for calculating the difference , and adds the calculated 
difference to the detection signal to invalidate the offset and 
eliminate the influence of change in the air gap , thereby accurately 
calculating the rotational angle. 

Arotationalangledetectingdeviceaccordingtothesixty- fifth 
25 invention is based on the sixty- first invention, and characterized 
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in that the target is provided on the rotational member so that 
a distance between the target andthedetectingmeans changes according 
to a rotation. 

Inthisrotationalangledetectingdevice, thedistancebetween 
5 the detecting means and the target changes according to a rotation 
of the rotational member, and the detection signal changes according 
to the change in the distance . It is therefore possible to calculate 
the rotational angle of the rotational member by the angle calculating 
means, based on the change in the detection signal. 
10 Arotationalangledetectingdeviceaccordingtothesixty- sixth 

invention is based on the sixty- first invention, and characterized 
in that the target is made of protrusions provided at substantially 
equal intervals in a circumferential direction of the rotational 
member . 

15 In this rotational angle detecting device, since the detection 

signal changes according to the distance between the detecting means 
and the protrusion approaching the detecting means according to 
a rotation of the rotational member, it is possible to calculate 
the rotational angleof the rotational member by the angle calculating 

20 means, based on the change in the detection signal. 

A rotational angle detecting device according to the 
sixty-seventh invention is based on the sixty-first invention, and 
characterized in that the target is made of non-dent portions between 
dents formed at substantially equal intervals in a circumferential 

25 direction of the rotational member so as to create the non-dent 
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portions. 

In this rotational angle detecting device, a dent portion 
and a non-dent portion alternately approaches the detecting means 
according to a rotation of the rotational member, and the detection 
signal changes according to the distance from the dent portion or 
the non-dent portion. It is therefore possible to calculate the 
rotational angle of the rotational member by the angle calculating 
means, based on the change in the detection signal. Examples of 
the dent portion include a non- through hole and a through hole. 

A rotational angle detecting device according to the 
sixty-eighth invention is based on the sixty- first invention, and 
characterized in that the target is magnetized so that magnetic 
poles reverse at substantially equal intervals in a circumferential 
direction of the rotational member. 

In this rotational angle detecting device, the polarity of 
the magnetic pole approaching the detecting means according to a 
rotationof therotationalmemberchangesalternatelybetweenpositive 
and negative (N and S) , and the detection signal according to the 
distancebetweenthedetectingmeansandthemagneticpoleisoutputted. 
It is therefore possible to calculate the rotational angle of the 
rotational member by the angle calculating means , based on the change 
in the detection signal . 

A rotational angle detecting device according to the 
sixty-ninth invention is based on the sixty-first invention, and 
characterized in that the target comprises a first inclining portion 
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provided to incline in one direction on a circumferential surface 
of the rotational member, and a second inclining portion provided 
to incline in other direction on the circumferential surface of 
the rotational member. 

In this rotational angle detecting device, the position of 
the target approaching the detecting means according to a rotation 
of the rotational member changes in a direction along the rotating 
shaft, and the detection signal according to the positional change 
is outputted. It is therefore possible to calculate the rotational 
angle of the rotational member by the angle calculating means, 
based on the change in the detection signal . 

Arotationalangledetectingdeviceaccordingtotheseventieth 
invention is based on the sixty- first invention, and characterized 
in that the detecting means comprises first detecting means and 
second detecting means, juxtaposed in a direction of rotation of 
the rotational member, for outputting detection signals having 
a phase difference. 

In this rotational angle detecting device, it is possible 
to mutually compensate for regions of the detection signals having 
a small change with respect to the rotational angle by the first 
and second detecting means for outputting detection signals having 
a phase difference. 

A rotational angle detecting device according to the 
seventy-first invention is based on the seventieth invention, and 
characterizedby comprising: first judgingmeans for judging whether 
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or not each of the detection signals of the first detecting means 
and second detecting means is higher than a first threshold greater 
thanadetectionsignalvalueobtainedwhendetectionsignal waveforms 
of the first detecting means and second detecting means crossed 
5 each other; second judging means for judging whether or not each 
of the detection signals of the first detecting means and second 
detecting means is lower than a second threshold smaller than a 
detection signal value obtained when the detection signal waveforms 
of the first detecting means and second detecting means crossed 

10 each other; and third judging means for judging whether or not 
the detection signal waveforms of the first detecting means and 
second detecting means cross each other; wherein the maximum value 
and minimum value of the detection signal are detected based on 
results of judgements made by the first, second and third judging 

15 means. 

In this rotational angle detecting device, the first judging 
means judges whether or not each of the detection signals of the 
first detecting means and second detecting means is higher than 
the first threshold, the second judging means judges whether or 

20 not each of the detection signals of the first detecting means 
and second detecting means is lower than the second threshold, 
the third judging means judges whether or not the detection signal 
waveforms of the first detecting means and second detecting means 
crosseachother , andthemaxiimimvalueandtTLinimumvaluearedetectable 

25 based on the results of the judgements made by the first, second 
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and third judging means. 

A torque detecting device according to the seventy- second 
invention is characterized by comprising: the rotational angle 
detecting devices of the seventy- first invention, provided for 
5 each of a first rotating shaft and a second rotating shaft which 
are coaxially connected to each other; and torque calculating means 
for calculating a torque applied to the first rotating shaft, based 
ona difference between rotational angles detected by the rotational 
angle detecting devices. 

10 In this torque detecting device , the torque calculating means 

calculates a torque applied to the first rotating shaft, based on 
thedif ferencebetweentherotationalanglesdetectedbytherotational 
angle detecting devices of the seventy- first invention provided 
for the first rotating shaft and the second rotating shaft. It is 

15 possible to prevent detection errors resulting from the difference 
in the output characteristics of the individual detecting means 
byincludingcompensationforcharacteristicchangeduetotenperature 
and characteristic change with time and further prevent detection 
errors resulting from change in the air gap between the target and 

20 the detecting means by correcting the gain and/or offset by the 
gain correcting means and/or the offset correcting means, thereby 
realizing a torque detecting device capable of performing detection 
with high accuracy over a long time. 

A torque detecting device according to the seventy- third 

25 invention is characterized by comprising: the rotational angle 
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detecting devices of the seventy- first invention, provided for 
each of a first rotating shaft and a second rotating shaft which 
are coaxially connected to each other; and torque calculating means 
for calculating a torque applied to the first rotating shaft, based 
onadif f erence between rotational angles detected by the rotational 
angle detecting devices, wherein, when both the first detecting 
means and both the second detecting means of the rotational angle 
detecting devices detected the maximum values, the maximum values 
are made valid, while when both the first detecting means and both 
the second detecting means detected the minimum values , the minimum 
values are made valid. 

In this torque detecting device, whenboththe first detecting 
means and second detecting means of the rotational angle detecting 
devices provided for the first and second rotating shafts detected 
the maximum values, the maximum values are made valid. When they 
detected the minimum values, the minimum values are made valid. 
Accordingly, it is possible to realize a torque detecting device 
capable of preventing correction errors due to a difference in 
the detecting timings of the maximum value and the minimum value 
resulting from torsion caused by the application of torque in the 
rotational angle detecting devices provided at two positions. 

A torque detecting device according to the seventy- fourth 
invention is based on the seventy- third invent ion, and characterized 
by further comprising: temperature detecting means for detecting 
temperature of the first detecting means and second detecting means ; 
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storing means for storing a temperature detected by the temperature 
detecting means when the maximum value or the minimum value of 
each of the detection signals of the first detecting means and 
second detecting means was detected; and means for calculating 
5 a difference between the temperature detected by the temperature 
detecting means and the temperature stored by the storing means 
and comparing the calculated difference with a predetermined value 
when the angle calculating means calculates the rotational angle, 
wherein, when the difference is greater than the predetermined 

10 value / the calculation by the angle calculating means is prohibited. 

In this torque detecting device, the temperature detecting 
means detects the temperature of the first detecting means and 
second detecting means, and the storing means stores a temperature 
detected when the maximum value or the minimum value of each of 

15 thedetectionsignalsof thef irstdetectingmeansandseconddetecting 
means was detected. Moreover, when the angle calculating means 
calculates the rotational angle, the comparing means calculates 
the difference between the temperature detected by the temperature 
detecting means and the temperature stored by the storing means, 

20 and compares the calculated difference with a predetermined value . 
When the difference is greater than the predetermined value, the 
calculation by the angle calculating means is prohibited, thereby 
realizing a torque detecting device capable of preventing detection 
errors resulting from the difference in the temperature 

25 characteristics of the individual detecting means. 
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A steering apparatus according to the seventy- fifth invention 
is characterized by comprising: a first rotating shaft connected 
to a steering wheel; a second rotating shaft connected coaxially 
to the first rotating shaft and connected to a steering mechanism; 
5 the torque detecting device of the seventy- fourth invention, for 
detecting a steering torque applied to the first rotating shaft; 
and an electric motor for assisting a rotation of the second rotating 
shaft, based on the steering torque. 

Since this steering apparatus comprises the torque detecting 

10 device of the seventy- fourth invention, it is possible to prevent 
detection errors resulting from the difference in the output 
characteristics of the individual detecting means by including 
compensation for characteristic change due to temperature and 
characteristic change with time, and further prevent detection 

15 errors resulting from change in the air gap between the target 
and the detecting means, thereby realizing a steering apparatus 
for automobiles, using a torque detecting device capable of detecting 
a torque with high accuracy over a long time. 

A rotational angle detecting device according to the 

20 seventy-sixth invention is characterized in that one or a plurality 
of targets are provided on a rotational member so that first detecting 
means outputs a detection signal according to a rotation of the 
rotational member, second detect ingmeans outputs a detection signal 
whose phase is different from the detection signal of the first 

25 detecting means, and a rotational angle of the rotational member 
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is detected based on the detection signals outputted by respective 
first detecting means and the second detecting means. 

In this rotational angle detecting device, one or a plurality 
of targets are provided on the rotational member so that the first 
detecting means outputs a detection signal according to the rotation 
of the rotational member, and the second detecting means outputs 
a detection signal whose phase is different from the detection 
signal of the first detecting means. The rotational angle of the 
rotationalmemberisdetectedbasedonthedetectionsignalsoutputted 
by respective first detecting means and the second detecting means . 

Accordingly, it is possible to realize a rotational angle 
detecting device capable of detecting the rotational angle even 
when a sag portion exists in the characteristics of the detection 
signals of the detecting means and easily managing the accuracy 
of the detection signals of the detecting means at the manufacturing 
process . 

A rotational angle detecting device according to the 
seventy- seventh invention is characterized by further comprising: 
judging means for judging a relation in magnitude between detection 
signalsoutputtedbythef irstdetectingmeansandtheseconddetecting 
means respectively in the previous cycle of sampling and a relation 
in magnitude between detection signals outputted by the first 
detecting means and the second detecting means respectively in 
thiscycleof sampl ing ; j udgingmeans f or j udgingwhether thedetect ion 
signal outputted by the first detecting means or the second detect ing 
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means in thi s cycle of sampl ing i s greater or 1 ess than a substant ial ly 
middle value between maximum and minimum values to be taken by 
the detection signals; and judging means for judging whether or 
not each of the detection signals outputted by the first detecting 
5 means and the second detecting means in this cycle of sampling 
is within a predetermined range; whereby a displacement angle in 
the direction of rotation of the rotational member is detected 
based on the results of the judgments by the respective judging 
means. 

10 In this rotational angle detecting device, the judging means 

judges a relation in magnitude between detection signals outputted 
by the first detecting means and the second detecting means 
respectively in the previous cycle of sampling and a relation in 
magnitude between detect ion signals outputtedby the first detecting 

15 means and the second detecting means respectively in this cycle 
of sampling, and another judging means judges whether the detection 
signal outputtedby the first detect ing means or the second detecting 
means inthiscycleof sanplingisgreaterorlessthanthesubstantially 
middle value between the maximum and minimum values to be taken 

20 by the detection signals. Further, still another judging means 
judges whether or not each of the detection signals outputted by 
the first detecting means and the second detecting means in this 
cycleof sanplingiswithinapredeterminedrange, andthedisplacement 
angle in the direction of rotation of the rotational member is 

25 detected based on the results of the judgments by the respective 
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judging means. 

Accordingly, it is possible to realize a rotational angle 
detecting device capable of detecting the rotational angle even 
when a sag portion exists in the characteristics of the detection 
5 signals of the detecting means and easily managing the accuracy 
of the detection signals of the detecting means at the manufacturing 
process . 

A rotational angle detecting device according to the 
seventy- eighth invention is characterized in that the targets are 

10 made of protrusions provided at substantially equal intervals in 
a circumferential direction of the rotational member. 

In this rotational angle detecting device, since the targets 
aremadeof the protrusions provided at substantially equal intervals 
inacircumf erentialdirectionof therotational member, it ispossible 

15 to realize a rotational angle detecting device capable of detecting 
the rotational angle even when a sag portion exists in the 
characteristics of the detection signals of the detecting means 
and easily managing the accuracy of the detection signals of the 
detecting means at the manufacturing process. 

20 A rotational angle detecting device according to the 

seventy-ninth invention is characterized in that the targets are 
made of non-dent portions between dents that are formed at 
substantially equal intervals in a circumferential direction of 
the rotational member so as to form the non-dent portions. 

25 In this rotational angle detecting device, since the targets 
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are made of the non-dent portions between the dents that are formed 
at substantially equal intervals in a circumferential direction 
of the rotational member so as to form the non-dent portions, it 
is possible to realize a rotational angle detecting device capable 
5 of detecting the rotational angle even when a sag portion exists 
in the characteristics of the detection signals of the detecting 
means and easily managing the accuracy of the detection signals 
of the detecting means at the manufacturing process. 

Arotationalangledetecting device according to the eightieth 

10 invention is characterized in that the targets are magnetized so 
that magnetic poles reverse at substantially equal intervals in 
a circumferential direction of the rotational member. 

In this rotational angle detecting device, since the targets 
are magnetized so that the magnetic poles reverse at substantially 

15 equal intervals in a circumferential direction of the rotational 
member, it is possible to realize a rotational angle detecting 
device capable of detecting the rotational angle even when a sag 
portion exists in the characteristics of the detection signals 
of the detecting means and easily managing the accuracy of the 

20 detect ionsignalsof thedetectingmeansatthemanuf acturingprocess . 

A rotational angle detecting device according to the 
eighty-first invention is characterized in that the target comprises 
a first inclining portion arranged to incline in one direction on 
a circumferential surface of the rotational member, and a second 

25 inclining portion arranged to incline in other direction on the 
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circumf erential surf ace of the rotational member, wherein the first 
inclining portion and the second inclining portion are magnetized. 

Inthisrotationalangledetectingdevice, thetarget comprises 
the first inclining portion arranged to incline in one direction 
on the circumferential surface of the rotational member and the 
second inclining portion arranged to incline in other direction 
on the circumferential surface of the rotational member, and the 
first inclining portion and the second inclining portion are 
magnetized. Accordingly, it is possible to realize a rotational 
angle detecting device capable of detecting the rotational angle 
even when a sagport ion exists in the characteristics of the detect ion 
signals of the detecting means and easily managing the accuracy 
of the detection signals of the detecting means at the manufacturing 
process . 

A rotational angle detecting device according to the 
eighty- second invent ion is characterized in that the first inclining 
portion and the second inclining portion are substantially line 
symmetrical about a straight line passing through the connected 
point between the first and second inclining portions in an axial 
direction of the rotational member. 

In this rotational angle detecting device, since the first 
inclining port ion and the second inclining port ionare substantially 
line symmetrical about a straight line passing through the connected 
point between the first and second inclining portions in an axial 
direction of the rotational member, it is possible to realize a 
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rotationalangledetectingdevicecapableof detectingthe rotational 
angle even when a sag portion exists in the characteristics of 
the detection signals of the detecting means and easily managing 
the accuracy of the detection signals of the detecting means at 
5 the manufacturing process . 

A rotational angle detecting device according to the 
eighty- third invention is characterized by further comprising: 
selecting means for selecting either of the first detecting means 
and the second detecting means and either of an increasing state 

10 and a decreasing state of a detection signal value to be outputted 
by the detecting means, based on the results of the judgments by 
the respective judging means, whereby a displacement angle in the 
direction of rotation of the rotational member is detected based 
on the detecting means and the state of the detection signal value 

15 selected by the selecting means in the previous cycle of sampling 
and the detection signals outputted by the selected detecting means 
in the previous cycle of sampling and this cycle of sampling 
respect ively . 

In this rotational angle detecting device, the selecting 
20 means selects either of the first detecting means and the second 
detecting means and either of an increasing state and a decreasing 
state of a detection signal value to be outputted by the detecting 
means, based on the results of the judgments by the respective 
judgingmeans , and the displacement angle in the direct ionof rotation 
25 of the rotational member is detected based on the detecting means 
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and the state of the detection signal value selected by the selecting 
means in the previous cycle of sampling and the detection signals 
output ted by the detecting means in the previous cycle of sampling 
and this cycle of sampling respectively. 

Accordingly, it is possible to realize a rotational angle 
detecting device capable of detecting the rotational angle even 
when a sag portion exists in the characteristics of the detection 
signals of the detecting means and easily managing the accuracy 
of the detection signals of the detecting means at the manufacturing 
process . 

A torque detecting device according to the eighty- fourth 
invention is characterized by comprising the rotational angle 
detecting device of the eighty-third invention for each of a first 
shaft and a second shaft which are connected by a connecting shaft, 
whereby a torque applied to the first shaft is detected based on 
the difference between detection signals outputted by the first 
detect ingmeans or the second detect ingmeansof eachof the rotational 
angle detecting devices due to torsion generated in the connecting 
shaft . 

This torque detecting device comprises the rotational angle 
detecting device of the eighty-third invention for each of the 
first shaft and the second shaft which are cormectedby the connecting 
shaft, and detects a torque applied to the first shaft based on 
the difference between detection signals outputted by the first 
detect ingmeans or the second de t ect ingmeans of eachof the rotat ional 
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angle detecting devices due to torsion generated in the connecting 
shaft. Accordingly, it is possible to realize a torque detecting 
device capable of detecting the torque even when a sag portion 
existsinthecharacteristicsof thedetectionsignalsof thedetecting 
5 means and easily managing the accuracy of the detection signals 
of the detecting means at the manufacturing process. 

A torque detecting device according to the eighty- fifth 
invention is characterized by further comprising: sign judging 
means for judging a sign of each of the difference between the 

10 detection signals outputted by the first detecting means and the 
difference between the detection signals outputted by the second 
detecting means; and first comparing means for comparing the 
magnitudes of the detection signals outputted by each of the first 
detecting means and second detecting means on the first shaft side 

15 when the sign judging means judged that the signs of the differences 
were identical; whereby a torque applied to the first shaft is 
detected based on a result of comparison by the first comparing 
means . 

In this torque detect ing device , the sign j udging means j udges 
20 the sign of each of the difference between the detection signals 
outputted by the first detecting means and the difference between 
the detection signals outputted by the second detecting means, 
the first comparing means compares the magnitudes of the detection 
signals outputted by each of the first detecting means and the 
25 second detecting means on the first shaft side when the sign judging 
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means judged that the signs of the differences were identical, 
and the torque applied to the first shaft is detected based on 
the result of the comparison by the first comparing means. 

Accordingly, it is possible to realize a torque detecting 
5 device capable of detecting the torque even when a sag portion 
exists inthecharacteristicsof thedetectionsignalsof thedetecting 
means and easily managing the accuracy of the detection signals 
of the detecting means at the manufacturing process. 

A torque detecting device according to the eighty- sixth 
10 invention is characterized by further comprising second comparing 
means for comparing the magnitudes of a substantially middle value 
between maximum and minimum values to be taken by the detection 
signals and each of the detection signals outputted by the first 
detecting means and second detecting means on the first shaft side 
15 when the sign judging means judged that the signs of the differences 
were different, whereby a torque applied to the first shaft is 
detected based on a result of comparison by the second comparing 
means . 

In this torque detecting device, the second comparing means 
20 compares the magnitudes of the substantially middle value between 
the maximum and minimum values to be taken by the detection signals 
and each of the detection signals outputted by the first detecting 
means and second detecting means on the first shaft side when the 
sign judging means judged that the signs of the differences were 
25 different, and the torque applied to the first shaft is detected 
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based on the result of the comparison by the second comparing means . 
Accordingly, it is possible to realize a torque detecting device 
capable of detecting the torque even when a sag portion exists 
in the characteristics of the detection signals of the detecting 
5 means and easily managing the accuracy of the detection signals 
of the detecting means at the manufacturing process. 

A torque detecting device according to the eighty- seventh 
invention is characterized by further comprising: first judging 
means for judging whether or not at least one of the detection 

10 signalsoutputtedbythef irstdetectingmeansisoutof apredetermined 
range; second judging means for judging whether or not at least 
one of the detection signals out put ted by the second detecting 
means is out of a predetermined range; and third comparing means 
for comparing the magnitudes of an absolute value of the difference 

15 between the detection signals outputted by the first detecting 
means and an absolute value of the difference between the detection 
signals outputted by the second detecting means; whereby a torque 
applied to the first shaft is detected based on a result of comparison 
by the second comparing means, a result of judgment by the first 

20 judging means, a result of judgment by the second judging means, 
and a result of comparison by the third comparing means. 

In this torque detecting device, the first judging means 
judges whether or not at least one of the detection signals outputted 
by the first detecting means is out of a predetermined range, and 

25 the second judging means judges whether or not at least one of 
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the detection signals outputted by the second detecting means is 
out of a predetermined range . The third comparing means compares 
the magnitudes of the absolute value of the difference between 
the detection signals outputted by the first detecting means and 
the absolute value of the difference between the detection signals 
outputted by the second detecting means. The torque applied to 
the first shaft is detected based on the result of the comparison 
by the second comparing means, the result of the judgment by the 
first j udging means , the result of the j udgment by the second j udging 
means, and the result of the comparison by the third comparing 
means. 

Accordingly, it is possible to realize a torque detecting 
device capable of detecting the torque even when a sag portion 
exist sinthecharacteristicsof thedetectionsignalsof thedetecting 
means and easily managing the accuracy of the detection signals 
of the detecting means at the manufacturing process . 

A torque detecting device according to the eighty-eighth 
invention is characterized by further comprising: abnormality 
detecting means for detecting abnormality of detection signals 
outputted by each of a pair of the first detecting means and a 
pair of the second detecting means; and means, when an abnormality 
was detected in one of the detection signals by the abnormality 
detecting means, for making the difference between the detection 
signals outputted by the pair of detecting means including the 
detecting means which outputted an abnormal detection signal zero; 
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whereby, when there is one abnormal detection signal, a torque 
applied to the first shaft is detected without using the one detection 
signal . 

In this torque detecting device, the abnormality detecting 
means detects abnormality of detection signals outputted by each 
of a pair of the first detecting means and a pair of the second 
detecting means, and the means for making a difference zero makes 
the difference between the detection signals outputted by one pair 
of the detecting means including detecting means which outputted 
the abnormal detection signal zero, whereby, when the abnormality 
was detected in one of the detection signals, a torque applied 
to the first shaft is detected without using the one detection 
signal . 

Accordingly, it is possible to realize a torque detecting 
device that does not stop the detection of torque even when failure 
occurred . 

A torque detecting device according to the eighty-ninth 
invention is characterized by further comprising: storing means 
for storing the detection signals outputted by the first detecting 
means and the second detecting means and preset detection signals 
to be outputted according to each of the detection signals outputted 
by the first detecting means and the second detecting means, in 
association with each other; and means for outputting the detection 
signals to be outputted, based on the detection signals outputted 
by the first detecting means and the second detecting means and 
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contents stored in each of the storing means; whereby detection 
signals outputted by the means are made detection signals outputted 
by the first detecting means and the second detecting means 
respectively . 

5 In this torque detecting device , the respect ive storing means 

stores the detection signals outputted by the first detecting means 
and the second detecting means and preset detection signals to 
be outputted according to the detection signals outputted by the 
first detectingmeansandthe second detecting means, in association 

10 with each other . The outputting means outputs the detection signals 
to be outputted, based on the detection signals outputted by the 
first detecting means and the second detecting means and the contents 
stored in each of the storing means , and detection signals outputted 
by the outputting means are made detection signals outputted by 

15 the f ir st det ec t ingmeans and the seconddetec t ingmeans respect ively . 

Accordingly, it is possible to realize a torque detecting 
device capable of detecting the torque even when a sag portion exists 
in the characteristics of the detection signals of the detecting 
means and easily managing the accuracy of the detection signals 

20 of the detecting means at the manufacturing process. 

A steering apparatus according to the ninetieth invention 
is characterized by comprising : a first shaft connected to a steering 
wheel ; a second shaft connected to a steering mechanism; a connecting 
shaft connecting the first shaft and the second shaft ; and the torque 

25 detect ingdeviceof theeighty-ninthinventionfordetectingasteering 
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torque applied to the first shaft, based ona torsional angle generated 
in the connecting shaft; whereby steering is assisted according 
to the steering torque detected by the torque detecting device. 

In this steering apparatus, the first shaft is connected to 
the steering wheel, the second shaft is connected to the steering 
mechanism, and the connecting shaft connects the first shaft and 
the second shaft. The torque detecting device of the eighty-ninth 
invention detects a steering torque applied to the first shaft, 
based on a torsional angle generated in the connecting shaft, and 
steering is assisted according to the steering torque detected by 
the torque detecting device. 

Accordingly, it is possible to realize a steering apparatus 
capable of detecting the torque even when a sag portion exists in 
the characteristics of the detection signals of the detecting means 
of the torque detecting device and easily managing the accuracy 
of the detection signals of the detecting means at the manufacturing 
process of the torque detecting device. 

A torque detecting device according to the ninety- first 
invention is a torque detecting device comprising: two sets of 
one or a plurality of targets provided on a rotational member and 
one or a plural i ty of de tec ting means, disposedat separate positions 
in a direction of a rotational shaft of the rotational member, 
for outputting signals continuously according to a rotation of 
the rotational member; anda torque calculating unit for calculating 
a rotational torque applied to the rotational member, based on 
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the signals outputted by the detecting means respectively, and 
is characterized in that the torque detecting unit comprises 
correcting means for calculating an average value of the signals 
outputted by the detecting means while the targets are passing 
positions facing the detecting means and for correcting the signals 
outputted by the detecting means to coincide with the average value . 

According to this invention, an average value of the signals 
outputted by the respective detecting means is calculated while 
the targets provided at separate positions in the direction of 
the rotational shaft of the rotational member are passing positions 
facing the respective detecting means, and the signals outputted 
by the respective outputting means are corrected to coincide with 
the average value. Accordingly, it is possible to realize a torque 
detecting device capable of restraining the occurrence of detection 
error resulting from the difference between the output 
characteristics of the individual detecting means and the difference 
in the air gaps between the individual detecting means and the 
targets, andtherebydetectinga rotational torque withhighaccuracy 
over a long time. 

A torque detecting device according to the ninety- second 
invention is based on the torque detecting device of the ninety-first 
invention, and is characterized in that the rotational member rotates 
according to a first shaft and a second shaft that are coaxially 
connected through a torsion bar, and is provided on each of the 
first shaft and second shaft at positions adjacent to the connection 
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thereof . 

According to this invention, the rotational member rotates 
according to the first shaft and the second shaft that are coaxial ly 
connected through the torsion bar, the difference between the 
rotational angles of the two shafts generated with torsion of the 
torsion bar is accurately calculated by respectively disposing the 
detecting means to face the targets provided on the rotational member, 
and the rotational torque applied to the first shaft and the second 
shaf tcanbeaccuratelydetectedbasedontheresultof thiscalculation. 
Moreover, by providing the rotational member for each of the first 
shaft and second shaf t at positions adj acent to the connect ion thereof , 
it is possible to reali ze a torque detecting device capable of handling 
the detecting means facing the respective targets as one unit and 
having similar peripheral environments such as temperature for the 
respective detecting means . 

A torque detecting device according to the ninety- third 
invent ion i s based on the torque detect ing device of the ninety- second 
invention, and is characterized in that the targets are made of 
protrusions provided at substantially equal intervals in a 
circumferential direction of the rotational member. 

According to this invention, byemployingprotrusionsprovided 
at substantially equal intervals in the circumferential direction 
of the rotational member as the targets, it is possible to realize 
a torque detecting device capable of allowing easy formation of 
the targetsandrestrainingtheoccurrenceof detect ionerrorresul ting 
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from the difference between the output characteristics of the 
individual detecting means and the difference in the air gaps between 
the individual detecting means and the targets , and thereby detect ing 
a rotational torque with high accuracy over a long time. 
5 A torque detecting device according to the ninety- fourth 

invention isbasedonthetorquedetecting device of theninety- second 
invention, and is characterized in that the targets are made of 
non-dent portions between dents formed at substantially equal 
intervals in a circumferential direction of the rotational member 

10 so as to form the non-dent portions. 

According to this invention, by f orming dents to form non-dent 
portions at substantially equal intervals in the circumferential 
directionof the rotational member and employing thenon-dent portions 
between the dents as the targets, it is possible to realize a torque 

15 detecting device capable of allowing easy formation of the targets 
and restraining the occurrence of detection error resulting from 
the difference between the output characteristics of the individual 
detect ingmeansandthedif f erenceintheairgapsbetweentheindividual 
detecting means and the targets, and thereby detecting a rotational 

20 torque with high accuracy over a long time. 

A torque detecting device according to the ninety- fifth 
invention i s based on the torque detect ing device of the ninety- second 
invention, and is characterized in that the targets are magnetized 
so that magnetic poles reverse at substantially equal intervals 

25 in a circumferential direction of the rotational member. 





A torque detecting device according to the ninety- sixth 
invention is based on the torque detecting device of the ninety-second 
invention, and is characterized in that the target comprises: a 
first inclining portion arranged to incline in one direction on 
5 a circumferential surface of the rotational member; and a second 
inclining portion arranged to incline in other direction on the 
circumferential surface of the rotational member, wherein the first 
inclining portion and the second inclining portion are magnetized. 
A torque detecting device according to the ninety- seventh 

10 invention is based on the torquedetecting device of the ninety- second 
invention, and is characterized in that the first inclining portion 
and the second inclining portion are substantially line symmetrical 
about a straight line passing a connected point between the first 
and second inclining port ions in an axial direction of the rotational 

15 member. 

According to the ninety- fifth through ninety- seventh 
inventions, by magnetizing portions of the circumferential surface 
of the rotational member and employing the magnetized portions as 
the targets, it is possible to realize a torque detecting device 

20 capable of allowing easy formation of the targets and restraining 
the occurrence of detection error resulting from the difference 
between the output characteristics of the individual detecting means 
and the difference in the air gaps between the individual detecting 
means and the targets, and thereby detecting a rotational torque 

25 with high accuracy over a long time. 



87 

A steering apparatus according to the ninety- eighth invention 
is a steering apparatus comprising: the first shaft connected to 
a steering wheel ; the second shaft connected to a steering mechanism; 
the torsion bar which connects the first shaft and the second shaft ; 
the torque detecting device for detecting a steering torque applied 
to the first shaft, based on a torsional angle generated in the 
torsion bar; and a motor driven and controlled based on the steering 
torquedetectedbythetorquedetectingdevice, forassistingrotation 
of the second shaft , and is characterized in that the torque detecting 
device is the torque detecting device of the ninety-first through 
seventh invention. 

According to this invention, by applying the torque detecting 
device as described above to a steering apparatus for automobiles, 
it ispossible to realize a steering apparatus that obtains an accurate 
detection value of a steering torque applied to the steering wheel 
for steering and uses this result for a variety of controls such 
as drive control of a steering assist motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a principle view showing an essential construction 
of an embodiment of a rotational angle detecting device according 
to the present invention; 

FIG. 2 is a diagram showing the operation of the rotational 
angle detecting device shown in FIG. 1; 

FIG. 3 is a principle view showing an essential construction 
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of the embodiment of a torque detecting device according to the 
present invent ion ; 

FIG. 4A, FIG. 4BandFIG. 4C are diagrams showing the operation 
of the torque detecting device shown in FIG. 3; 

FIG. 5 is a principle view showing the essential construction 
of the rotational angle detecting device according to the present 
invention; 

FIG. 6A and FIG. 6B are diagrams showing the operation of 
the rotational angle detecting device shown in FIG. 5; 

FIG. 7 is a principle view showing an essential construction 
of the embodiment of the torque detecting device according to the 
present invention ; 

FIG. 8A, FIG. 8B and FIG. 8C are diagrams showing the operation 
of the torque detecting device shown in FIG. 7; 

FIG. 9 is a principle view showing an essential construction 
of the rotational angle detecting device according to the present 
invention; 

FIG. 10A and FIG. 10B are diagrams showing the operation 
of the rotational angle detecting device shown in FIG. 9; 

FIG. 11A and FIG. 11B are diagrams showing the operation 
of the rotational angle detecting device shown in FIG. 9; 

FIG. 12 is a principle view showing an essential construction 
of an embodiment of the torque detecting device according to the 
present invention ; 

FIG. 13 is a principle view showing an essential construction 
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of an embodiment of the rotational angle detecting device according 
to the present invention; 

FIG. 14A and FIG. 14B are diagrams showing the operation 
of the rotational angle detecting device shown in FIG. 13; 
5 FIG. 15A and FIG. 15B are diagrams showing the operation 

of the rotational angle detecting device shown in FIG. 13; 

FIG. 16 is a principle view showing an essential construction 
of an embodiment of the torque detecting device according to the 
present invent ion ; 
10 FIG. 17 is a principle view showing an essential construction 

of an embodiment of the rotational angle detecting device according 
to the present invention; 

FIG. 18A, FIG. 18B and FIG. 18C are diagrams showing a 
manufacturing method of the rotational angle detecting device shown 
15 in FIG. 17; 

FIG. 19 is a principle view showing an essential construction 
of an embodiment of the torque detecting device according to the 
present invention; 

FIG. 20 is a principle view showing an essential construction 
20 of an embodiment of the rotational angle detecting device according 
to the present invention; 

FIG. 21 is a diagram showing a manufacturing method of the 
rotational angle detecting device shown in FIG. 20; 

FIG. 22 is a principle view showing an essential construction 
25 of an embodiment of the torque detecting device according to the 
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present invention; 

FIG. 23 is a principle view showing an essential construction 
of an embodiment of the torque detecting device according to the 
present invention ; 

FIG. 24 is a vertical cross sectional view showing anessential 
construction of an embodiment of a steering apparatus according 
to the present invention; 

FIG. 25 is a principle view showing an essential construction 
of an embodiment of the rotational angle detecting device according 
to the present invention; 

FIG. 26A, FIG. 26B and FIG. 26C are diagrams showing the 
construction and operation of the rotational angle detecting device 
shown in FIG. 25; 

FIG. 2 7A through FIG. 27Farediagramsshowingthe construction 
and operation of the rotational angle detecting device according 
to the present invention; 

FIG. 28A, FIG. 28B and FIG. 28C are diagrams showing the 
operation of the torque detecting device according to the present 
invention; 

FIG. 29 is a diagram showing the operation of the torque 
detecting device according to the present invention; 

FIG. 30 is a principle view showing an essential construction 
of an embodiment of the torque detecting device according to the 
present invention; 

FIG. 31 is a flow chart showing the operation of the torque 
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detecting device shown in FIG. 30; 

FIG. 32 is a flow chart showing the operation of the torque 
detecting device shown in FIG. 30; 

FIG. 33 is a flow chart showing the operation of the torque 
5 detecting device shown in FIG. 30; 

FIG. 34A and FIG. 34B are diagrams shown the operation of 
the torque detecting device shown in FIG. 30; 

FIG. 35 is a flow chart showing the operation of the torque 
detecting device according to the present invention; 
10 FIG. 36 is a flow chart showing the operation of the torque 

detecting device according to the present invention; 

FIG. 37 is a flow chart showing the operation of the torque 
detecting device according to the present invention; 

FIG. 38 is a flow chart showing the operation of the torque 
15 detecting device according to the present invention; 

FIG. 39 is a flow chart showing the operation of the torque 
detecting device according to the present invention; 

FIG. 40 is a flow chart showing the operation of the torque 
detecting device according to the present invention; 
20 FIG. 41A and FIG. 4 IB are diagrams showing the operation 

of the torque detecting device according to the present invention; 

FIG . 42 is a principle view showing an essential construction 
of an embodiment of the torque detecting device according to the 
present invention; 
25 FIG. 43 is a vertical cross sectional view showing the 
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construction of the steering apparatus according to the present 
invention; 

FIG . 44 is a principle view showing an essential construction 
of an embodiment of the rotational angle detecting device according 
5 to the present invention; 

FIG. 45 is a diagram showing the operation of the rotational 
angle detecting device shown in FIG. 44; 

FIG. 46 is a diagram showing the operation of the rotational 
angle detecting device shown in FIG. 44; 
10 FIG . 47 is a flow chart: showing the operationof the rotational 

angle detecting device shown in FIG. 44; 

FIG. 48 is a principle view showing an essential construction 
of an embodiment of the torque detecting device according to the 
present invention ; 
15 FIG. 49A, FIG. 49B and FIG. 49C are diagrams showing the 

operation of the torque detecting device shown in FIG. 48; 

FIG. 50 isavertical cross sectional view showing anessential 
construction of an embodiment of the steering apparatus according 
to the present invention; 
20 FIG . 51 is a principle view showing an essential construction 

of an embodiment of the torque detecting device according to the 
present invention ; 

FIG. 52 is a flow chart showing the operation of the torque 
detecting device shown in FIG. 51; 
25 FIG. 53 is a flow chart showing the operation of the torque 
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detecting device shown in FIG. 51; 

FIG. 54 is a flow chart showing the operation of the torque 
detecting device shown in FIG. 51; 

FIG. 55 is a flow chart showing the operation of the torque 
detecting device shown in FIG. 51; 

FIG. 56 is a flow chart showing the operation of the torque 
detecting device shown in FIG. 51; 

FIG. 57 is a flow chart showing the operation of the torque 
detecting device shown in FIG. 51; 

FIG. 58 is a flow chart showing the operation of the torque 
detecting device shown in FIG. 51; 

FIG. 59 is a flow chart showing the operation of the torque 
detecting device shown in FIG. 51; 

FIG. 60A and FIG. 60B are diagrams showing the operation 
of the torque detecting device shown in FIG. 51; 

FIG. 61 is a diagram showing the torque detecting device 
shown in FIG. 51; 

FIG. 62 is a vertical cross sectional view showing the 
construction of the steering apparatus according to the present 
invention; 

FIG. 63 is a schematic view showing the constructions of 
the rotational angle detecting device and the torque detecting 
device applied to a steering apparatus for an automobile; 

FIG. 64 is a graph showing an example of change in the output 
voltage of an MR sensor; 
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FIG. 65 is a graph showing another example of change in the 
output voltage of the MR sensor; 

FIG. 66 is a flow chart showing the contents of a calculation 
for correcting gain and offset; 

FIG. 67 is a diagram showing corrective gain; 

FIG. 68 is a diagram showing an offset amount; 

FIG. 69 is a schematic view showing the construction of a 
torque detecting device according to the present invention applied 
to a steering apparatus for an automobile; 

FIG. 70 is a graph showing an example of change in the output 
voltage of an MR sensor; 

FIG. 71 is a flow chart showing the contents of the selecting 
operation of an MR sensor; 

FIG. 72 is a diagram showing another example of change in 
the output voltage of an MR sensor ; 

FIG. 73 is a schematic view showing the construction of the 
torque detecting device according to the present invention applied 
to the steering apparatus for an automobile; 

FIG. 74 is a graph showing an example of change in the output 
voltage of the magnetic sensor of the input shaft and the output 
shaft ; 

FIG. 75 is a flow chart showing the contents of the operation 
for setting the corrective gain; 

FIG. 76 is a diagram showing the operation for setting the 
corrective gain; 
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FIG. 77 is a schematic view showing the construction of the 
device according to the present invention and appl ied to the steering 
apparatus for an automobile; 

FIG. 78 is a diagram showing an example of change in the 
5 output voltage of the magnetic sensor; 

FIG. 79 is a perspective view showing the shape of a target 

plate; 

FIG. 80A and FIG. 80B are diagrams showing a manufacturing 

method of the target plate; 
10 FIG. 81 is a schematic view showing the construction of the 

torque detecting device according to the present invention applied 

to the steering apparatus for an automobile; 

FIG. 82 is a diagram showing an example of change in the 

output voltage of an MR sensor ,- 
15 FIG. 83A, FIG. 83BandFIG. 83Carediagramsshowinganinf luence 

of deflection of the torsion bar on the output of the magnetic 

sensor; 

FIG. 84 is a vertical cross sectional view showing the 
construction of an essential portion of a steering apparatus for 
20 an automobile comprising the torque detecting device according 
to the present invention; and 

FIG. 85 is a schematic view showing the construction of 
Embodiment 30 of a rotational angle detecting device and torque 
detecting device according to the present invention; 
25 FIG. 86 is a development view showing the developed outer 
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circumferential surface of a target plate; 

FIG. 87 is a wave form chart showing an example of the detection 
signals of a rotational angle detecting device according to the 
present invention ; 

FIG. 88 is a flowchart showing the steering angle calculating 
operation of the rotational angle detecting device shown in FIG. 
85; 

FIG. 89 is a flowchart showing the steering angle calculating 
operation of the rotational angle detecting device shown in FIG. 
85; 

FIG. 90 is a flowchart showing the steering angle calculating 
operation of the rotational angle detecting device shown in FIG. 
85; 

FIG. 91 is a flow chart showing the steering angle calculating 
operation of the rotational angle detecting device shown in FIG. 
85; 

FIG. 92 is a vertical cross sectional view showing the 
construction of an essential portion of Embodiment 31 of a steering 
apparatus according to the present invention; 

FIG. 93 is a schematic view showing the construction of 
Embodiment 32 of the rotational angle detecting device and torque 
detecting device according to the present invention; 

FIG. 94 is a schematic view showing the construction of 
Embodiment 33 of the rotational angle detecting device and torque 
detecting device according to the present invention; 
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FIG. 95 is a cross sectional view showing the construction 
of Embodiment 33 of the rotational angle detecting device and torque 
detecting device according to the present invention; 

FIG. 96 is a schematic view showing the construction of 
Embodiment 34 of the rotational angle detecting device and torque 
detecting device according to the present invention; 

FIG. 97 is a plan view of a target portion that shows the 
construction of Embodiment 34 of the rotational angle detecting 
deviceandtorquedetectingdeviceaccordingtothepresent invention; 

FIG. 98 is a schematic view showing the construction of 
Embodiment 35 of the rotational angle detecting device and torque 
detecting device according to the present invention; 

FIG. 99 is a schematic view showing the constructions of 
Embodiment 36 of a rotational angle detecting device and a torque 
detecting device of the present invention applied to a steering 
apparatus for an automobile; 

FIG. 100 is a graph showing an example of change in the output 
voltages of magnetic sensors; 

FIG. 101 is a graph showing another example of change in 
the output voltages of the magnetic sensors; 

FIG. 102 is a flow chart showing the contents of gain and 
offset correcting operations; 

FIG. 103 is a graph explaining corrective gain; 

FIG. 104 is a graph explaining an offset amount; 

FIG. 105 is a schematic view showing the constructions of 




Embodiment 37 of a rotational angle detecting device and a torque 
detecting device of an embodiment of the present invention applied 
to a steering apparatus for an automobile ; 

FIG. 106 is a table showing detection mode 0 through mode 

5 6; 

FIG. 107 is a waveform chart showing the waveforms of the 
output voltages of the magnetic sensors; 

FIG. 108isaf lowchart showingtheoperationsof therotational 
angle detecting device and torque detecting device of the present 
10 invention; 

FIG. 109 is a flow chart showing the operations of detecting 
and updating the maximum and minimum values of the output voltages 
of the magnetic sensors of the rotational angle detecting device 
and torque detecting device of the present invention; 
15 FIG. 110A, FIG. HOB and FIG. HOC are flow charts showing 

the operations of the rotational angle detecting device and torque 
detecting device of the present invention; 

FIG. lllisaf lowchart showingtheoperationsof therotational 
angle detecting device and torque detecting device of the present 
20 invention in initial mode 0; 

FIG. 112 isaf lowchart showingtheoperationsof therotational 
angle detecting device and torque detecting device of the present 
invention in detection mode 1; 

FIG. 113 isaf lowchart showingtheoperationsof therotational 
25 angle detecting device and torque detecting device of the present 
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invention in detection mode 2; 

FIG. 114isaf low chart showing the operations of therotational 
angle detecting device and torque detecting device of the present 
invention in detection mode 3 ; 

FIG. 115 isaf lowchartshowingtheoperationsof therotational 
angle detecting device and torque detecting device of the present 
invention in detection mode 4; 

FIG. 116isaf lowchartshowingtheoperationsof therotational 
angle detecting device and torque detecting device of the present 
invention in detection mode 5; 

FIG. 117isaf lowchartshowingtheoperationsof therotational 
angle detecting device and torque detecting device of the present 
invention in detection mode 6; 

FIG. 118 is a schematic view showing the constructions of 
Embodiment 38 of a rotational angle detecting device and a torque 
detecting device of an embodiment of the present invention applied 
to a steering apparatus for an automobile; 

FIG. 119isaf lowchartshowingtheoperationsof therotational 
angle detecting device and torque detecting device of the present 
invention; 

FIG. 12 0 is a flow chart showing the operations of detecting 
and updating the maximum and minimum values of the output voltages 
of the magnetic sensors of the rotational angle detecting device 
and torque detecting device of the present invention ; 

FIG. 121 is a flow chart showing the operations of detecting 
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and updating the maximum and minimum values of the output voltages 
of the magnetic sensors of the rotational angle detecting device 
and torque detecting device of the present invention; 

FIG. 122 is a flow chart showing the operation of judging 
5 a clear condition of a detection condition flag of the rotational 
angle detecting device and torque detecting device of the present 
invention; 

FIG. 123 is a view showing another example of the rotational 
member and targets of the rotational angle detecting device and 
10 torque detecting device of the present invention; 

FIG. 124isaviewshowingstillanotherexarnpleof therotational 
member and targets of the rotational angle detecting device and 
torque detecting device of the present invention; 

FIG. 125 is aviewshowingyet another exampleof therotational 
15 member and targets of the rotational angle detecting device and 
torque detecting device of the present invention; 

FIG. 126 is aviewshowingyet another exampleof therotational 
member and targets of the rotational angle detecting device and 
torque detecting device of the present invention; 
20 FIG. 127 is a schematic view showing schematically the 

construct ionof Embodiment 3 9 of a rotational angle detect ing device , 
torque detecting device and steering apparatus according to the 
present invention; 

FIG . 12 8A and FIG . 12 8B are flow charts showing the operations 
25 of the rotational angle detecting device and torque detecting device 
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according to the present invention; 

FIG. 129AandFIG. 129B are flowcharts showing the operations 
of the rotational angle detecting device and torque detecting device 
according to the present invention; 

FIG. 130isaf lowchart showingtheoperationsof therotational 
angle detecting device and torque detecting device according to 
the present invention; 

FIG. 131 is a waveform chart showing the detection signals 
of magnetic sensors; 

FIG. 132 is a flow chart showing the operation of the torque 
detecting device according to the present invention ; 

FIG. 133A and FIG . 13 3B are flow charts showing the operation 
of the torque detecting device according to the present invention; 

FIG. 134 is a flow chart showing the operation of the torque 
detecting device according to the present invention; 

FIG. 135 is a waveform chart showing the detection signals 
of magnetic sensors; 

FIG. 136 is a waveform chart showing the detection signals 
of magnetic sensors; 

FIG. 137 is a flow chart showing the operation of the torque 
detecting device according to the present invention; 

FIG. 138 is a waveform chart showing the detection signals 
of magnetic sensors; 

FIG. 139 is a waveform chart showing the detection signals 
of magnetic sensors; 
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FIG. 140 is a schematic view showing schematically the 
construct ionof Embodiment 4 0 of a rotational angledetecting device , 
torque detecting device and steering apparatus according to the 
present invention; 
5 FIG. 141 is a schematic view showing schematically the 

construct ionof Embodiment 4 1 of a rotational angle detect ing device , 
torque detecting device and steering apparatus according to the 
present invent ion ; 

FIG. 142 is a schematic view showing schematically the 
10 construct ionof Embodiment 42 of a rotational angle detect ing device , 
torque detecting device and steering apparatus according to the 
present invention; 

FIG. 143 is a schematic view showing schematically the 
construct ionof Embodiment 43 of arotational angledetecting device, 
15 torque detecting device and steering apparatus according to the 
present invention; 

FIG. 144 is a schematic view showing the construction of 
Embodiment 44 of a torque detecting device according to the present 
invention; 

20 FIG. 145 is a perspective view of a target plate; 

FIG. 146 is a waveform chart showing a state of change in 
the output voltages of a magnetic sensor on the input shaft side 
and a magnetic sensor on the output shaft side of the torque detecting 
device according to the present invention; 

25 FIG. 147 is a flow chart showing a corrective gain setting 
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operation in a processing unit; 

FIG. 148 is an explanatory view of the corrective gain setting 
operation in the processing unit; 

FIG. 149 is a perspective view of a target plate according 
5 to Embodiment 45; 

FIG. 150 is a perspective view of a target plate according 
to Embodiment 46; and 

FIG. 151 is a schematic view showing the construction of 
a torque detecting device according to Embodiment 47. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will now be described 
with reference to the drawings. 

15 (First Embodiment) 

FIG. 1 is a principle view showing an essential construction 
of a first embodiment of a rotational angle detect ing device according 
to the present invention. The rotational angle detecting device 
according to the first embodiment is applied to a steering apparatus . 

20 A protrusion 22a made of magnetic material is spirally formed on 
the surface of an intermediate portion of a steering shaft 21 having 
an upper end to which a steering wheel 1 is connected and lower 
end to which a pinion gear 3 is connected. 

The rotational angle detecting device according to this 

25 embodiment comprises an MR sensor 23 for detecting the position 
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of the protrusion 22a which is moved in the axial direction of 
the steering shaft 21 when the steering shaft 21 is rotated and 
which is viewed from a position of rotation. The MR sensor 23 is 
disposed in parallel with the steering shaft 21 such that the MR 
5 sensor 23 is disposed apart from the steering shaft 21 for a proper 
distance. The MR sensor 23 is secured to a stationary portion of 
a body of an automobile. 

The MR sensor 23 comprises a potential dividing circuit 
comprising, for example, two magnetic resistors. Thus, the divided 

10 potential is outputted. To greatly change a magnetic field caused 
by the protrusion 22a to improve the sensitivity, a biasing magnet 
is provided for a surface which does not faces the steering shaft 
21 . Thus, the magnetic field of the steering shaft 21 is intensified. 
The rotational angle detecting device having the 

15 above-mentioned construction is arranged such that the protrusion 
22a which is closest to the detecting surface of the MR sensor 
23 is moved in the axial direction of the steering shaft 21 when 
the steering shaft 21 has been rotated in a range that 0° < 0 < 
360°. 

20 FIG. 2 is a diagram showing the operation of the rotational 

angle detect ing device shown inFIG. 1 . Theprotrusion22a is spirally 
provided on the circumferential surface of the steering shaft 21. 
Therefore, the position of the protrusion 22a, which is closest 
to the detecting surface of the MR sensor 23, and the rotational 

25 angle of the steering shaft 21 can be made to correspond to each 
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other . When the output voltage of the MR sensor 2 3 and the rotat ional 
angle of the steering shaft 21 are set to have a linear relationship 
as shown in FIG. 2, the rotational angle of the steering shaft 
21 can be detected in accordance with the output voltage of the 
5 MR sensor 23 . 



(Second Embodiment) 

FIG. 3 is a principle view showing an essential construction 
of a second embodiment of a torque detecting device according to 

10 the present invention. The torque detecting device is applied to 
a steering apparatus . A magnetic protrusion 22a is spirally formed 
on the circumferential surface of an intermediate portion of an 
input shaft 21a of a steering shaft having an upper end to which 
a steering wheel 1 is connected and a lower end to which a torsion 

15 bar 6 is connected. 

When the input shaft 21a has been rotated, an MR sensor 23a 
is disposed in parallel with the input shaft 21a such that a proper 
distance is maintained to detect the position of the magnetic 
protrusion 22a which is moved in the axial direction of the input 

20 shaft 21awhen observation isperf ormed f romone rotational position . 
The MR sensor 23a is secured to a stationary portion of a body 
of an automobile. 

An output shaft 21b of the steering shaft has an upper end 
connected to the torsion bar 6 and a lower end connected to a pinion 

25 gear 3. Similarly to the input shaft 21a, a magnetic protrusion 
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22a is spirally disposed on the circumf erential surface of an 
intermediate portion of the output shaft 21b. 

An MR sensor 23b for detecting the position of the protrusion 
22a which is moved in the axial direction of the output shaft 21b 
whenobservationisperformedfromonerotationalpositionisdisposed 
in parallel with the output shaft 21b such that a proper distance 
is maintained. The MR sensor 23b is secured to a stationary portion 
of a body of an automobile . 

Output voltage of the MR sensor 23a is inputted to a subtraction 
circuit 39, while the output voltage of the MR sensor 23b is inputted 
to the subtraction circuit 39 and an amplifier 41 . Output voltage 
of the ampl i f ier 4 1 i s output ted as a signal indi cat ing the rot at ional 
angle of the steering shaft det ectedby the rotational angle detect ing 
device comprising the output shaft 21b, the protrusion 22a and 
the MR sensor 23b. 

The torsional angle of the torsion bar 6 is at most several 
degrees. A signal indicating the rotational angle of the steering 
shaft may be outputted by the rotational angle detecting device 
comprising the input shaft 21a, the protrusion 22a and the MR sensor 
23a. 

Output voltage of the subtraction circuit 39 is inputted 
to an amplif ier 40 . Output voltage of the amplifier 40 is outputted 
as a signal indicating the steering torque applied on the steering 
wheel 1 detected by the torque detecting device. 

When the input shaft 21a and the output shaft 21b of the 



107 

torque detecting device constructed as described above rotate such 
that 0° < m < 360° and 0° < v < 360°, the protrusion 22a which is 
closest to the detecting surfaces of the MR sensor 23a and the 
MR sensor 23b is moved to the axial direction of each of the input 
shaft 21a and the output shaft 21b. Since the protrusion 22a is 
spirally f ormed on the circumferential surface of each of the input 
shaft 21a and the output shaft 21b, the position of the protrusion 
22a, which is closest to the detecting surfaces of the MR sensor 
23a and MR sensor 23b, in the axial direction of each of the input 
shaft 21a and the output shaft 21b, and the rotational angle of 
each of the input shaft 21a and the output shaft 21b can be made 
to correspond to each other. 

FIG. 4A, FIG. 4B and FIG. 4C are diagrams showing the operation 
of the torque detecting device shown in FIG. 3. For example, the 
output voltage of each of the MR sensors 23a and 2 3b and the rotational 
angle of each of the input shaft 21a and the output shaft 21b are 
set to have a similar linear relationship. When the input shaft 
21a and output shaft 21b are rotated plural times, the output of 
each of the MR sensors 23a and 23b, as shown in FIG. 4A and FIG. 
4B, shows a voltage waveform having a period of 360° . In accordance 
with the output voltage of each of the MR sensors 23a and 23b, 
the rotational angle of each of the input shaft 21a and the output 
shaft 21b can be detected. 

When steering torque has been applied on the steering wheel 
1 and, therefore, the torsion bar 6 has a torsional angle, the 
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output voltage of each of the MR sensors 23a and 23b encounters 
voltage difference AV corresponding to the torsional angle, for 
example, as shown in FIG. 4C. When the voltage difference AV is 
calculated by the subtraction circuit 39, the torsional angle can 
5 beobtained. Asignal indicatingthesteeringtorquecanbeoutputted 
from the amplifier 40. 

A signal indicating the rotational angle of the steering 
shaft which has been detected by the rotational angle detecting 
device comprising the output shaft 21b, the magnetic protrusion 
10 22a and the MR sensor 23b can be outputted from the amplifier 41. 



(Third Embodiment) 

FIG. 5 is a principle view showing an essential construction 
of a third embodiment "of the rotational angle detecting device 

15 according to the present invention. FIG. 6A and FIG. 6B are diagrams 
showing the operation of the rotational angle detecting device 
shown in FIG . 5 . In this embodiment , the rotational angle detecting 
device is applied to a steering apparatus . For example , 10 magnetic 
protrusions 22b are, at the same intervals, spirally formed on 

20 the circumferential surface of an intermediate portion of a steering 
shaft 21 having an upper end to which a steering wheel 1 is connected 
and a lower end to which a pinion gear 3 is connected. When the 
circumferential surface of the intermediate portion of the steering 
shaft 21 has been developed, the protrusions 22b form a pattern 

25 formed into 10 parallel diagonal lines, as shown in FIG. 6A. The 
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end point and the start point of the adjacent diagonal lines make 
the same rotational angle. 

The rotational angle detecting device is constructed such 
that the position of the protrusions 22b which is moved in the 
axial direction of the steering shaft 21 when the steering shaft 
21 has been rotated in a case where observation is performed from 
one rotational position is detected. Therefore, an MR sensor 23 
is disposed in parallel with the steering shaft 21 such that a 
proper distance is maintained. The MR sensor 23 is secured to a 
stationary portion of a body of an automobile. 

The MR sensor 23 comprises a potential dividing circuit 
comprising, for example, two magnetic resistors. Thus, the divided 
potential is outputted from the MR sensor 23. To improve the 
sensitivity by enlarging change in the magnetic field caused by 
the protrusions 22b, a biasing magnet is provided for the surface 
which does not face the steering shaft 21 . Thus, the magnetic field 
of the surface of the steering shaft 21 is intensified. 

The rotational angle detecting device having the 
above-mentioned const ruction is arranged such that whenever the 
steering shaft 21 rotates by 36° in a range that 0° < 9 < 360°, the 
protrusions 22b which is closest to the detecting surface of the 
MR sensor 23 reciprocates in the axial direction of the steering 
shaft 21. 

The position of the magnetic protrusions 22b which is closest 
to the detecting surface of the MR sensor 23 in the axial direction 
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of the steering shaft 21 and the rotational angle of the steering 
shaft 21 for each 36° can be made to correspond to each other. 

Therefore, the output voltage of the MR sensor 23 is set 
to have a linear relationship with the rotational angle of the 
5 steering shaft 21 for each 36°, as shown in FIG. 6A. When counting 
of the number of change in the output voltage of the MR sensor 
23 is also used, the rotational angle of the steering shaft 21 
can be detected in accordance with the output voltage of the MR 
sensor 23 . 

10 In the rotational angle detecting device according to this 

embodiment, the MR sensor 23 is able to obtain the output voltage 
which is ten times the output voltage which can be realized when 
thenumberof theprotrusionisoneasdescribedinthef irst embodiment . 



15 (Fourth Embodiment) 

FIG. 7 is a principle view showing an essential construction 
of a fourth embodiment of the torque detecting device according 
to the present invention. In this embodiment, the torque detecting 
device is applied to a steering apparatus. Ten protrusions 22b 

20 are, at the same intervals , spirally provided on the circumferential 
surface of an intermediate portion of the input shaft 21a having 
an upper end to which a torsion bar 6 is connected and a lower 
end to which a torsion bar 6 is connected. To detect the position 
of the protrusions 22b which is moved in the axial direction of 

25 the input shaft 2 la when observation is performed from one rotational 
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position owing to rotation of the input shaft 21a, an MR sensor 
23a is disposed in parallel with the input shaft 21a such that 
a proper distance is maintained. The MR sensor 23a is secured to 
a stationary portion of a body of an automobile. 
5 An output shaft 21b of the steering shaft is disposed such 

that its upper end is connected to the torsion bar 6. The lower 
end of the output shaft 21b is connected to the pinion gear 3 . 
Similarly to the input shaft 21a, 10 magnetic protrusions 22b are, 
at the same intervals, provided on the circumferential surface 

10 of an intermediate portion of the output shaft 21b. To detect the 
position of the protrusions 22b which is moved in the axial direction 
of the output shaft 21b when observation is performed from one 
rotational position, an MR sensor 23b is disposed in parallel with 
the output shaft 21b such that a proper distance is maintained. 

15 The MR sensor 23b is secured to a stationary portion of a body 
of an automobile. 

Output voltage of theMR sensor 2 3a is inputted to a subtraction 
circuit 39, while output voltage of the MR sensor 23b is inputted 
to the subtraction circuit 39 and an amplifier 41. Output voltage 

20 of the amplifier 41 isoutputtedasasignal indicating the rotational 
angle of the steering shaft which has been detected by the rotational 
angle detecting device comprising the output shaft 21b, the magnetic 
protrusions 22b and the MR sensor 23b. 

The torsional angle of the torsion bar 6 is at most several 

25 degrees. A signal indicating the rotational angle of the steering 
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shaft may be outputted by the rotational angle detecting device 
comprising the input shaft 21a, the magnetic protrusions 22b and 
the MR sensor 23a. 

The output voltage of the subtraction circuit 39 is inputted 
5 to the amplifier 40. The output voltage of the amplifier 40 is 
outputted as a signal indicating the steering torque applied on 
the steering wheel 1 detected by the torque detecting device. 

The torque detecting device having the above-mentioned 
construction is arranged such that the protrusions 22b which is 
10 closest to the detecting surfaces of the MR sensors 23a and 23b 
reciprocates in the axial direction of the input shaft 21a and 
the output shaft 21b whenever the input shaft 21a and the output 
shaft 21b rotate by 36° in a range that 0° < ^ < 360° and 0° < 0 V 
< 360°, respectively. The position of the protrusions 22b which 
15 is closest to the detecting surfaces of the MR sensors 23a and 
23b in the axial direction of the input shaft 21a and the output 
shaft 21b and the rotational angle of the input shaft 21a and the 
output shaft 21b can be made to correspond to each other. 

Therefore, the output voltage of each of the MR sensors 23a 
20 and 23b is set to have a linear relationship with the rotational 
angle of each of the input shaft 21a and the output shaft 21b for 
each 36°. Also counting of change in the output voltage of each 
of the MR sensors 23a and 23b is used. Thus, the rotational angle 
of each of the input shaft 21a and the output shaft 21b can be 
25 detected. 
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For example, the output voltage of each of the MR sensors 
23a and 23b and the rotational angle of each of the input shaft 
21a and the output shaft 21b are set to have a linear relationship. 
When the input shaft 21a and the output shaft 21b are rotated, 
5 the output of each of the MR sensors 23a and 23b shows a voltage 
waveform having a period of 36°, as shown in FIG. 8A and FIG. 8B. 
In accordance with the output voltage of each of the MR sensors 
23a and 23b, the rotational angles of the input shaft 21a and the 
output shaft 21b can be detected. 

10 When steering torque has been applied on the steering wheel 

1 and the torsion bar 6 has made a torsional angle, the output 
voltagesof theMRsensors23aand23bgeneratesthevoltagedif f erence 
AV corresponding to the torsional angle, for example, as shown 
in FIG. 8C. Therefore, the voltage difference AV is calculated 

15 by the subtraction circuit 39. Thus, the torsional angle can be 
obtained. Hence it follows that a signal indicating the steering 
torque can be outputted from the amplifier 40. In the foregoing 
case, the subtraction circuit 39 comprising the MR sensor 23a, 
the MR sensor 23b and the subtraction circuit 39 is able to obtain 

20 the output voltage which is ten times the output voltage which 
can be obtained from the second embodiment in which one protrusion 
is provided. 

A signal indicating the rotational angle of the steering 
shaft which has been detected by the rotational angle detecting 
25 device comprising the output shaft 21b, the protrusions 22b and 
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the MR sensor 23b can be outputted from the amplifier 41. 



(Fifth Embodiment) 

FIG. 9 is a principle view showing an essential construction 
5 of a fifth embodiment of the rotational angle detecting device 
according to the present invention. In this embodiment, the 
rotational angle detecting device isappliedtoasteering apparatus . 
A magnetic protrusion 22c is spirally formed on the circumferential 
surface of an intermediate portion of a steering shaft 21 having 

10 an upper end to which a steering wheel 1 is connected and a lower 
end to which a pinion gear 3 is connected. 

The rotational angle detecting device according to this 
embodiment has a construction that the position of the protrusion 
22c which is moved in the axial direction of the steering shaft 

15 21 when the steering shaft 21 has been rotated in a state where 
observation is performed from one rotational position is detected. 
Therefore, an MR sensor 23 is disposed in parallel with the steering 
shaft 21 such that a proper distance is maintained. The MR sensor 
23 is secured to a stationary portion of a body of an automobile. 

20 The MR sensor 23 comprises a potential dividing circuit 

comprising, forexample, twomagnetic resistors tooutput the divided 
potential . To enlarge change in the magnetic field caused by the 
protrusion 22c to improve the sensitivity, a biasing magnet is 
provided for the surface which does not face the steering shaft 

25 21. Thus, the magnetic field of the surface of the steering shaft 
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21 is intensified. 

FIG. 10A and FIG. 10B are diagrams showing the operation 
of the rotational angle detecting device shown in FIG. 9. FIG. 
llAandFIG. lib are diagrams showing the operation of the rotational 
5 angle detecting device shown in FIG. 9. When the pattern of the 
protrusion 22c in a case where the circumferential surface of an 
intermediate portion of the steering shaft 21 has been developed 
is, as shown in FIG. 10A, formed into a straight linear line shape, 
the output voltage is, as shown in FIG. 10B, dropped at the start 

10 and end points of the protrusion 22c. Thus, there are tendencies 
that a nonlinear ly output characteristic is realized. 

Therefore, the pattern of the protrusion 22c in a case where 
thecircumferentialsurf aceof anintermediateportionof thesteering 
shaft 21 has been developed is, as shown in FIG. 11A, formed into 

15 a nonlinearly shape such that the inclination at the start and 
end points is made to be steep and moderate in the intermediate 
portion. Thus, the output voltage characteristic of the MR sensor 
23 shows a straight and linear characteristic, as shown in FIG. 
11B. 

20 Therotationalangledetectingdeviceconstructedasdescribed 
above is arranged such that when the steering shaft 21 is rotated 
in a range that 0° < 0 < 360°, the protrusion 22c which is closest 
to the detecting surface of the MR sensor 23 is moved in the axial 
direction of the steering shaft 21. 

25 Theprotrusion22c is spirally provided on the circumferential 
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surface of the steering shaft 21 such that the inclination of the 
start andendpointsaremadetobesteepandmoderateintheintermediate 
portion as shown in FIG. 11A. The position of the protrusion 22c, 
which is closest to the detecting surface of the MR sensor 23, 
5 in the axial direction of the steering shaft 21 and the rotational 
angle of the steering shaft 21 can be made to correspond to each 
other. As shown in FIG. 11B, the output voltage of the MR sensor 
23 and the rotational angle of the steering shaft 21 are made to 
have the straight and linear relationship. Thus, in accordance 
10 with the output voltage of the MR sensor 23, the rotational angle 
of the steering shaft 21 can be detected. 



(Sixth Embodiment) 

FIG . 12 is a principle view showing an essential construction 

15 of a sixth embodiment of the torque detecting device according 
to the present invention . In this embodiment , the torque detecting 
device is applied to a steering apparatus. A magnetic protrusion 
22c is spirally provided on the circumferential surface of an 
intermediate portion of an input shaft 21a of a steering shaft 

20 having an upper end to which a steering wheel 1 is connected and 
a lower end to which a torsion bar 6 is connected. To detect the 
position of the protrusion 22c which is moved in the axial direction 
of the input shaft 2 lawhenobservationisperf ormedf romonerotational 
position, an MR sensor 23a is provided in parallel with the input 

25 shaft 21a such that a proper distance is maintained. The MR sensor 



117 

23a is secured to a stationary portion of a body of an automobile. 

The upper end of the output shaft 21b of the steering shaft 
is connected to the torsion bar 6, while the lower end of the same 
is connected to a pinion gear 3 . Similarly to the input shaft 21a, 
a magnetic protrusion 22c is spirallyprovidedonthecircumf erential 
surface of an intermediate portion of the output shaft 21b. To 
detect the position of the protrusion 22c which is moved in the 
axial directionof the output shaft 2 lb when observation isperformed 
f romone rotational position, anMR sensor 23b is provided inparallel 
with the output shaft 21b such that a proper distance is maintained. 
The MR sensor 23b is secured to a stationary portion of a body 
of an automobile. 

Theprotrusion22c is spirallyprovidedonthecircumf erential 
surfaces of the input shaft 21a and the output shaft 21b such that 
the inclination of the protrusion 22c is made to be steep at the 
start and end points and moderate the intermediate portion, as 
shown in FIG. 11A. 

The output voltage of the MR sensor 23a is inputted to a 
subtraction circuit 39, while output voltage of the MR sensor 23b 
is inputted to the subtraction circuit 39 and an amplifier 41. 
The output voltage of the amplifier 41 is output ted as a signal 
indicating the rotational angle of the steering shaft which has 
been detected by the rotational angle detecting device comprising 
the output shaft 21b, the protrusion 22c and the MR sensor 23b. 

The torsional angle of the torsion bar 6 is at most several 
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degrees. Thus, the rotational angle detecting device comprising 
the input shaft 21a # the protrusion 22c and the MR sensor 23a may 
output a signal indicating the rotational angle of the steering 
shaft . 

Output voltage of the subtraction circuit 39 is inputted 
to the amplifier 40. The output voltage of the amplifier 40 is 
outputted as a signal indicating the steering torque applied on 
the steering wheel 1 detected by the torque detecting device. 

When the input shaft 21a and the output shaft 21b of the 
torque detecting device constructed as described above rotate such 
that 0° < 9* < 360° and 0° < 0v < 360°, the protrusions 22c which 
are closest to the detecting surfaces of the MR sensor 23a and 
the MR sensor 23b is moved to the axial direction of each of the 
input shaft 21a and the output shaft 21b. The protrusions 22c are 
spirally formed on the circumferential surface of each of the input 
shaft 21a and the output shaft 21b such that the inclination of 
the protrusions 22c are made to be steep at the start and end points 
and moderate in the intermediate portion, as shown in FIG. 11A. 
Therefore, the position of the protrusions 22c which are closest 
to the detecting surfaces of the MR sensors 23a and 23b in the 
axial direction of each of the input shaft 21a and the output shaft 
21b and the rotational angle of each of the input shaft 21a and 
the output shaft 21b can be made to correspond to each other. 

AsshowninFIG. 11B, the straight and linear line relationship 
is held between the output voltages of the MR sensors 23a and 23b 
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and the rotational angles of the input shaft 21a and the output 
shaft 21b . In accordance with the output voltages of the MR sensors 
23a and 23b, the rotational angles of the input shaft 21a and the 
output shaft 21b can be detected. Since the other operations are 
similar to those of the torque detecting device according to the 
second embodiment, the similar operations are omitted from 
description . 



(Seventh Embodiment) 
10 FIG . 13 is a principle view showing an essential construction 

of a seventh embodiment of the rotational angle detecting device 

according to the present invention. In this embodiment, the 

rotational angle detecting device is applied to a steering apparatus . 

Amagneticprotrusion22d is spiral lyprovidedon the circumferential 
15 surface of an intermediate portion of a steering shaft 21 having 

an upper end to which a steering wheel 1 is connected and a lower 

end to which a pinion gear 3 is connected. 

To detect the position of the protrusions 22d which is moved 

in the axial direction of the steering shaft 21 when observation 
20 is performed from one rotational position owing to rotation of 

the steering shaft 21, an MR sensor 23 is disposed in parallel 

with the steering shaft 21 such that a proper distance is maintained . 

The MR sensor 23 is secured to a stationary portion of a body of 

an automobile. 

25 The MR sensor 23 comprises a potential dividing circuit 
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comprising, for example, twomagnetic resistors to output the divided 
potential. To enlarge change in the magnetic field caused by the 
protrusion 22d to improve the sensitivity, a biasing magnet is 
disposed on the side which does not face the steering shaft 21. 
Thus, the magnetic field of the surface of the steering shaft 21 
is intensified. 

FIG. 14A and FIG. 14B are diagrams showing the operation 
of the rotational angle detecting device shown in FIG. 13. FIG. 
15A and FIG . 15B are diagrams showing the operation of the rotational 
angle detecting device shown in FIG. 13. When the pattern of the 
protrusion 22d in a case where the circumferential surface of an 
intermediate portion of the steering shaft 21 has been developed 
is, as shown in FIG. 14A, formed into a straight linear line shape, 
the output voltage of the MR sensor 23 is, as shown in FIG. 14B, 
dropped at the start and end points of the protrusion 22d. Thus, 
there are tendencies that a nonlinearly output characteristic is 
realized. 

Therefore, in a case where the circumferential surface of 
the intermediate portion of the steering shaft 21 is developed, 
the pattern of the protrusion 22d is formed such that the start 
portion (0°) and the end portion (360°) are connected to each other, 
as shown in FIG. 15A. Thus, the output voltage characteristic of 
theMRsensor23ismadetobeastraightandlinearlinecharacteristic, 
as shown in FIG. 15B 

The rotational angle detecting device having the 
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above-mentioned construct ion is arranged such that when the steering 
shaft 21 is rotated in a range that 0° < 0 < 360°, the protrusion 
22d which is closest to the detecting surface of the MR sensor 
23 is moved in the Axial direction of the steering shaft 21. 

The protrusion 22d is spirally formed on the circumferential 
surface of the steering shaft 21 such that the start and end portions 
are connected to each other as shown in FIG. 15. Therefore, the 
position of the protrusion 22d which is closest to the detecting 
surface the detecting surface of the MR sensor 23 in the axial 
direction of the steering shaft 21 and the rotational angle of 
the steering shaft 21 can be made to correspond to each other. 
Therefore, the output voltage of the MR sensor 23 and the rotational 
angle of the steering shaft 21 are made to have the linear relationship 
asshowninFIG. 15B. Therefore, the rotational angle of the steering 
shaft 21 can be detected in accordance with the output voltage 
of the MR sensor 23. 

(Eighth Embodiment) 

FIG. 16 is a principle view showing the essential construction 
of an eighth embodiment of a torque detecting device according 
to the present invention. In this embodiment , the torque detecting 
device is applied to a steering apparatus. A magnetic protrusion 
22d is spirally formed on the circumferential surface of an 
intermediate portion of an input shaft 21a of a steering shaft 
having an upper end to which a steering wheel 1 is connected and 
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a lower end to which the torsion bar 6 is connected. To detect 
the position of the protrusions 22d which is moved in the axial 
direction of the input shaft 21a when observation is performed 
from one rotational position owing to rotation of the input shaft 
21a, an MR sensor 23a is disposed in parallel with the input shaft 
21a such that a proper distance is maintained. The MR sensor 23a 
is secured to a stationary portion of a body of an automobile. 

An output shaft 21b has an upper end connected to the torsion 
bar 6 and a lower end connected to a pinion gear 3 . Similarly to 
the input shaft 21a, a magnetic protrusion 22d is spirally formed 
on the circumferential surface of an intermediate portion of the 
output shaft 21b. To detect the position of the protrusions 22d 
which is moved in the axial direction of the output shaft 21b when 
observation is performed from one rotational position owing to 
rotation of the output shaft 21b, an MR sensor 23b is disposed 
in parallel with the output shaft 21b such that a proper distance 
is maintained. The MR sensor 23b is secured to a stationary portion 
of a body of an automobile. 

The protrusion 22d is spirally formed on the circumferential 
surfaces of the input shaft 21a and the output shaft 21b such that 
the start portion (0°) and the end portion (360°) are connected 
to each other, as shown in FIG. 15A. 

Output voltage of the 23a is inputted to a subtraction circuit 
39, while output voltage of the MR sensor 23b is inputted to the 
subtraction circuit 39 and an amplif ier 41 . Output voltage of the 
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amplifier 41 is outputted as a signal indicating the rotational 
angleof the steering shaft detectedby the rotational angle detecting 
device comprising the output shaft 21b, the protrusion 2 2d and 
the MR sensor 23b. 

The torsional angle of the torsion bar 6 is at most several 
degrees . The rotational angle detecting device comprising the input 
shaft 21a, the protrusion 22d and the MR sensor 23a may output 
a signal indicating the rotational angle of the steering shaft. 

Output voltage of a subtraction circuit 39 is inputted to 
the amplifier 40. Output voltage of the amplifier 40 is outputted 
as a signal detected by the torque detecting device and indicating 
the steering torque applied on the steering wheel 1. 

The torque detecting device having the above-mentioned 
construction is arranged such that the protrusions 22d which is 
closest to the detecting surfaces of the MR sensors 23a and 23b 
is moved in the axial direction of each of the input shaft 21a 
and the output shaft 21b when the input shaft 21a and the output 
shaft 21b are rotated in ranges that 0° < 9m < 360° and 0° < 9 V < 
360°, respectively. The protrusion 22d is spirally formed on the 
circumferential surfaces of the input shaft 21a and the output 
shaft 21b such that the start portion (0°) and the end portion (360°) 
are connected to each other, as shown in FIG. 15A. Therefore, the 
position of the protrusions 2 2d which is closest to the detecting 
surfaces of the MR sensors 23a and 23b in the axial direction of 
the input shaft 21a and the output shaft 21b and the rotational 
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angles of the input shaft 21a and the output shaft 21b can be made 
to correspond to each other. 

As shown in FIG. 15B, the output voltages of the MR sensors 
23a and 23b and the rotational angles of the input shaft 21a and 
5 the output shaft 21b are made to have the straight and linear 
relationship. In accordance with the output voltages of the MR 
sensors 23a and 23b, the rotational angles of the input shaft 21a 
and the output shaft 2 lb can be detected . Since the other operations 
are similar to those of the torque detecting device according to 
10 the second embodiment, the similar operations are omitted from 
description. 

(Ninth Embodiment) 

FIG. 17 isaprincipleview showing the essential construction 

15 of a ninthembodiment of a rotat ional angle detect ing device according 
to the present invention. FIG. 18A, FIG. 18BandFIG. 18C are diagrams 
showing a method of manufacturing the rotational angle detecting 
device shown in FIG. 17. In this embodiment, the rotational angle 
detecting device is applied to a steering apparatus. A magnetic 

20 protrusion 22e is spirally formed on the circumferential surface 
of an intermediate portion of a steering shaft 21 having an upper 
end to which a steering wheel 1 is connected and a lower end to 
which a pinion gear 3 is connected. 

To detect the position of the protrusions 22e which is moved 

25 in the axial direction of the steering shaft 21 when observation 
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is performed from one rotational position owing to rotation of 
the input shaft 21a, an MR sensor 23 is disposed in parallel with 
the steering shaft 21 such that a proper distance is maintained. 
The MR sensor 23 is secured to a stationary portion of a body of 
an automobile. 

The MR sensor 23 comprises a potential dividing circuit 
comprising, for example, two magnetic resistors so as to output 
the divided potential . To enlarge change in the magnetic field 
caused by the protrusion 22e to improve the sensitivity, a biasing 
magnet is disposed on the side which does not face the steering 
shaft 21. Thus, the magnetic field of the surface of the steering 
shaft 21 is intensified. 

A coil -shape magnetic material (the protrusion 22e) 
constructed as shown in FIG. 18B is spirally wound around the 
circumferential surface of an intermediate portion of the steering 
shaft 21 constructed as shown in FIG. 18A so as to be welded or 
bonded as shown in FIG. 18C. 

The rotational angle detecting device having the 
above -mentioned construction is arranged such that when the steering 
shaft 21 is rotated in a range that 0° < 0 < 360°, the protrusion 
22e which is closest to the detecting surface of the MR sensor 
23 is moved in the axial direction of the steering shaft 21. 

Since the protrusion 22e is spirally formed on the 
circumferential surface of the steering shaft 21, the position 
of the protrusion 22e which is closest to the detecting surface 



-JL. tL-S 4-J?-3S2i S2iJ jk 0-P E2: ^3 tLJ* JE5: 



126 

of the MR sensor 23 in the axial direction of the steering shaft 
21 and the rotational angle of the steering shaft 21 can be made 
to correspond to each other. In accordance with the output voltage 
of the MR sensor 23, the rotational angle of the steering shaft 
5 21 can be detected. 



(Tenth Embodiment) 

FIG. 19 is a principle view showing an essential construction 
of a tenth embodiment of the torque detecting device according 

10 to the present invention. In this embodiment, the torque detecting 
device is applied to a steering apparatus. A magnetic protrusion 
22e is spirally formed on the circumferential surface of an 
intermediate portion of an input shaft 21a of a steering shaft 
having an upper end to which a steering wheel 1 is connected and 

15 a lower end to which a torsion bar 6 is connected. To detect the 
position of the protrusions 22e which is moved in the axial direction 
of the input shaft 2 lawhenobservationisperformedf romonerotational 
position owing to rotation of the output shaft 21b, an MR sensor 
23a is disposed in parallel with the input shaft 21a MR sensor 

20 23a such that a proper distance is maintained. The MR sensor 23a 
is secured to a stationary portion of a body of an automobile. 

An output shaft 21b of the steering shaft has an upper end 
connected to the torsion bar 6 and a lower end connected to a pinion 
gear 3. Similarly to the input shaft 21a, a protrusion 22e made 

25 of magnetic material is formed on the circumferential surface of 
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an intermediate portion of the output shaft 21b. To detect the 
position of the protrusion 2 2e, which is moved in the axial direction 
of the output shaft 21b in a state where observation is performed 
from one rotational position when the output shaft 21b has been 
rotated, an MR sensor 23b is formed in parallel with the output 
shaft 21b such that a proper distance is maintained. The MR sensor 
23b is secured to a stationary portion of a body of an automobile . 

Acoil-shapemagneticmember (theprotrusion22e) constructed 
as shown in FIG. 18B is spirally wound around the circumferential 
surfaces of intermediate portions of the input shaft 21a and the 
output shaft 21b so as to be welded or bonded as shown in FIG. 
18C. 

The output voltage of the MR sensor 23a is inputted to a 
subtraction circuit 39, while the output voltage of the MR sensor 
23b is inputted to the subtraction circuit 39 and an amplifier 
41. Output voltage of the amplifier 41 is outputted as a signal 
indicating the rotational angle of the steering shaft detected 
by the rotational angle detecting device comprising the output 
shaft 21b, the protrusion 22e and the MR sensor 23b. 

The torsional angle of the torsion bar 6 is at most several 
degrees . Therotational angledetectingdeviceconprisingthe input 
shaft 21a, the protrusion 22e and the MR sensor 23a may output 
a signal indicating the rotational angle of the steering shaft. 

Output voltage of the subtraction circuit 39 is inputted 
to the amplif ier 40 . Output voltage of the amplif ier 40 is outputted 
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as a signal detected by the torque detecting device and indicating 
the steering torque applied on the steering wheel 1. 

Since the operationof the torque detecting device constructed 
as described above is similar to that of the torque detecting device 
5 according to the second embodiment, the operation is omitted from 
description. 
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(Eleventh Embodiment) 

FIG. 20 is a principle view showing an essential construction 

10 of an eleventh embodiment of the rotational angle detecting device 
according to the present invention. In this embodiment, the 
rotational angle detecting device is applied toa steering apparatus. 
A groove 22f is spirally formed on the circumferential surface 
of an intermediate portion of a steering shaft 21 having an upper 

15 end to which a steering wheel 1 is connected and a lower end to 
which the pinion gear 3 is connected and made of magnetic material . 

To detect , as a portion which is magnetically discontinuous , 
the position of the groove 22f which is moved in the axial direction 
of the steering shaft 21 when observation is performed from one 

20 rotational position owing to rotation of the steering shaft 21, 
an MR sensor 23 is disposed in parallel with the steering shaft 
21 such that a proper distance is maintained. The MR sensor 23 
is secured to a stationary portion of a body of an automobile. 

The MR sensor 23 comprises a potential dividing circuit 

25 comprising, for example, two magnetic resistors so as to output 
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the divided potential. To enlarge change in the magnetic field 
caused by the groove 22 f to improve the sensitivity, a biasing 
magnet is provided for the side which does not face the steering 
shaft 21. Thus, the magnetic field of the surface of the steering 
5 shaft 21 is intensified. 

FIG. 21 is a diagram showing a method of manufacturing the 
rotational angle detecting device shown in FIG. 20. The steering 
shaft 21 is provided with the groove 22 f in the circumferential 
surface of the intermediate portion thereof. The groove 22 f is 

10 formed by spirally irradiating the circumferential surface of the 
intermediate portion with a beam 70, such as a laser beam or an 
electron beam, realizing a high energy density. 

The rotational angle detecting device having the 
above-mentioned construct ion is arranged such that when the steering 

15 shaft 21 is rotated in a range that 0° < 0 < 360°, the groove 22f 
which is closest to the detecting surface of the MR sensor 23 is 
moved in the axial direction of the steering shaft 21. 

The groove 22f is spirally formed on the circumferential 
surface of the steering shaft 21. Therefore, the position of the 

20 groove 22f which is closest to the detecting surface of the MR 
sensor 23 in the axial direction of the steering shaft 21 and the 
rotational angle of the steering shaft 21 can be made to correspond 
to each other. In accordance with the output voltage of the MR 
sensor 23, the rotational angle of the steering shaft 21 can be 

25 detected . 
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(Twelfth Embodiment) 

FIG . 22 is a principle view showing an essential construction 
of a twelfth embodiment of the torque detecting device according 
5 to the present invention. In this embodiment , the torque detecting 
device is applied to the steering apparatus . Agroove 22 f is spirally- 
formed on the circumferential surface of an intermediate portion 
of the magnetic input shaft 21a having an upper end to which a 
steering wheel 1 is connected and a lower end to which a torsion 

10 bar 6 is connected. To detect the position of the groove 22f which 
is moved in the axial direction of the input shaft 21a when the 
input shaft 21a has been rotated in a case where observation is 
performed from one rotational position, an MR sensor 23a is provided 
in parallel with the input shaft 21a such that a proper distance 

15 is maintained . The MR sensor 23a is secured to a stationary portion 
of a body of an automobile. 

A magnetic output shaft 21b of the steering shaft has an 
upper end connected to the torsion bar 6 and a lower end connected 
to a pinion gear 3. Similarly to the input shaft 21a, a groove 

20 22 f is spirally formed on the circumferential surface of an 

intermediate portion of the output shaft 21b. To detect the position 
of the groove 22f which is moved in the axial direction of the 
output shaft 21b when the output shaft 21b has been rotated in 
a state where observation is performed from one rotational position, 

25 an MR sensor 23b is disposed in parallel with the output shaft 
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21b such that a proper distance is maintained. The MR sensor 23b 
is secured to a stationary portion of a body of an automobile. 

Each of the input shaft 2 la and the output shaft 2 lb is provided 
with the groove 22f formed spirally in the circumf erential surface 
5 of the intermediate portion by irradiating the beam 70, such as 
a laser beam or an electron beam, realizing a high energy density, 
as shown in FIG. 21. 

Output voltage of theMR sensor 23a is inputted toa subtraction 
circuit 39, while output voltage of the MR sensor 23b is inputted 

10 to the subtraction circuit 39 and an amplifier 41. Output voltage 
of the amplif ier41 isoutputtedasasignal detectedby the rotational 
angle detecting device comprising the output shaft 21b, the groove 
22 f and the MR sensor 23b and indicating the rotational angle of 
the steering shaft. 

15 The torsional angle of the torsion bar 6 is at most several 

degrees . The rotational angle detecting device comprising the input 
shaft 21a, the groove 22f and the MR sensor 23a may output a signal 
indicating the rotational angle of the steering shaft. 

Output voltage of the subtraction circuit 39 is inputted 

20 to the amplif ier 40 . Output voltage of the amplif ier 40 is outputted 
as a signal indicating the steering torque detected by the torque 
detecting device and indicting the steering torque applied on the 
steering wheel 1 . 

The operation of the torque detecting device having the 

25 above-mentioned construction is similar to that of the torque 
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detecting device according to the second embodiment. Therefore, 
the operation is omitted from description . 

As an alternative to the groove 22 f, the steering shaft 21 
or the input shaft 21a and the output shaft 21b may be made of 
metastable austenite stainless steel, which is a non-magnetic 
material. Moreover, the surface is irradiated with the beam, such 
as an electron beam or a laser beam, realizing a high energy directly. 
Then, the surface is rapidly cooled to deposit the ferrite phase 
whichisaferromagneticportionsothataportionwhichismagnetically 
discontinuous is formed. 

(Thirteenth Embodiment) 

FIG. 23 is a principle view showing an essential construction 
of a thirteenth embodiment of the torque detecting device according 
to the present invention . In this embodiment , the torque detecting 
device is applied to a steering apparatus. A magnetic protrusion 
22a is spirally formed on the circumferential surface of an 
intermediate portion of an input shaft 21a of a steering shaft 
having an upper end to which a steering wheel 1 is connected and 
a lower end to which a torsion bar 6 is connected. To detect the 
position of the protrusions 22a which is moved in the axial direction 
of the input shaft 2 lawhenobservationisperf ormedf romone rotational 
position owing to rotation of the input shaft 21a, an MR sensor 
23a is disposed in parallel with the input shaft 21a such that 
a proper distance is maintained. The MR sensor 23a is secured to 
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a stationary portion of a body of an automobile. 

The upper end of the output shaft 21b of the steering shaft 
is connected to the torsion bar 6, while the lower end of the same 
is connected to a pinion gear 3 . Similarly to the input shaft 21a, 
5 a magnetic protrusion 22a is spirally formed on the circumferential 
surface of an intermediate portion of the output shaft 21b. To 
detect the position of the protrusions 22a which is moved in the 
axial direction of the output shaft 2 lb when observation isperf ormed 
from one rotational position owing to rotation of the output shaft 

10 21b, an MR sensor 23b is disposed in parallel with the output shaft 
21b such that a proper distance is maintained. The MR sensor 23b 
is secured to a stationary portion of a body of an automobile. 

Output voltage of the MR sensor 23a is inputted to subtraction 
circuits 39a and 3 9b . Output voltage of the MR sensor 23b is inputted 

15 to the subtraction circuits 39a and 39b. 

The subtraction circuit 39a calculates the difference by 
subtracting the output voltage of the MR sensor 23a from the output 
voltage of the MR sensor 23b to input the voltage of the calculated 
difference to the amplifier 40a. The amplifier 40a amplifies the 

20 inputted voltage to input a result to a subtraction circuit 39c. 

The subtraction circuit 39b calculates the difference by 
subtracting the output voltage of the MR sensor 23a from the output 
voltage of the MR sensor 23b to input the voltage of the calculated 
difference to the amplifier 40b. The amplifier 40b amplifies the 

25 inputted voltage to input the amplified voltage to the subtraction 
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circuit 39c. 

The subtraction circuit 39c subtracts the output voltage 
of the arnplif ier 40b from the output voltage of the amplifier 40a 
so as to input the subtracted output voltage to an amplifier 40c. 
5 The arnplif ier 40c arnplif ies the inputted voltage to output a result 
as a signal indicating the steering torque applied on the steering 
wheel 1 detected by the torque detecting device. 

The torque detecting device constructed as described above 
is arranged such that when the input shaft 21a and the output shaft 

10 21b are rotated in ranges that 0° < Qm < 360° and 0° < 6v < 360°, 
the protrusion 22a which is closest to the detecting surfaces of 
the MR sensors 23a and 23b is moved in the axial direction of each 
of the input shaft 21a and the output shaft 21b. The protrusion 
22a is spirally formed on the circumferential surface of each of 

15 the input shaft 2 la and the output shaft 21b. Therefore, theposition 
of the protrusion 22a which is closest to the detecting surfaces 
of the MR sensors 23a and 23b in the axial direction of the input 
shaft 21a and the output shaft 21b and the rotational angles of 
the input shaft 2 la and the output shaft 21b can be made to correspond 

20 to each other. 

When steering torque has been applied on the steering wheel 
1 and, therefore, a torsional angle of the torsion bar 6 has been 
made, the output voltages of the MR sensors 23a and 23b generate 
the voltage difference AV corresponding to the torsional angle. 

25 Thesubtractioncircuits3 9aand39bcalculatethevoltagedif ference 
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AV and -AV. The subtraction circuit 39c calculate the difference 
2AV between the voltage difference AV and -AV calculated by the 
subtraction circuits 39a and 39b, respectively. The amplif ier 40c 
amplif ies the voltage difference 2AV to output a result as a signal 
5 indicating the torque. 

A signal indicating the rotational angle of the steering 
shaft detected by the rotational angle detecting device comprising 
the output shaft 21b, the protrusion 22a and the MR sensor 23b 
may be outputted from the amplifier 41. The other operations are 
10 similar to those of the torque detecting device according to the 
second embodiment. Therefore, the similar operations are omitted 
from description. 



(Fourteenth Embodiment) 

15 FIG. 24 isavertical cross sectional viewshowing an essential 

construction of a fourteenth embodiment of a steering apparatus 
according to the present invention . The steeringapparat us according 
to this embodiment comprises an upper shaft 2 which is attached 
to the upper end thereof and to which a steering wheel 1 is attached. 

20 A cylindrical input shaft 5 and an upper end of a torsion bar 6, 
which is inserted into the input shaft 5, are, through a first 
dowel pin 4, connected to the lower end of the upper shaft 2. A 
cylindrical output shaft 8 is , througha second dowel pin 7 , connected 
to a lower end of the connecting shaft 6. The upper shaft 2, the 

25 input shaft 5 and the output shaft 8 are rotatively supported in 
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a housing 12 through bearings 9a, 9b and 9c. 

The housing 12 includes a torque detecting device 13 for 
detecting the steering torque inaccordancewithan amount of relative 
displacement of the input shaft 5 and the output shaft 8 connected 
to each other through the connecting shaft 6 . Moreover, the housing 
12 includes a reduction mechanism 15 for reducing the rotation 
of the electric motor 14 for assisting steering which is rotated 
inaccordancewithadetectionresultperformedbythetorquedetecting 
device 13 so as to transmit the reduced rotation to the output 
shaft 8. The operation of the steering mechanism corresponding 
to the rotation of the steering wheel 1 is assisted by using the 
rotation of the electric motor 14. Thus, the labor which must be 
borne by a driver who performs steering can be reduced. The lower 
end of the output shaft 8 is connected to a rack and pinion type 
steering mechanism through a universal joint. 

The torque detecting device 13 comprises amagneticprotrusion 
13c formed spirally on the circumferential surface 13a of the input 
shaft 5. To detect the position of the magnetic protrusion 13c 
which is moved in the axial direction of the input shaft 5 when 
the input shaft 5 has been rotated in a state where observation 
is performed from one rotational position, an MR sensor 13e is 
disposed in parallel with the input shaft 5 such that a proper 
distance is maintained . The MR sensor 13e is secured to a stationary 
portion of a body of an automobile. 

Similarly to the input shaft 5, the output shaft 8 has a 
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magnetic protrusion 13d formed spirally on the circumferential 
surface 13b of the output shaft 8 . To detect the position of the 
protrusion 13d which is moved in the axial direction of the output 
shaft 8 when the output shaft 8 has been rotated in a state where 
observation is performed from one rotational position, an MR sensor 
13f is disposed in parallel with the output shaft 8 such that a 
proper distance is maintained. The MR sensor 13f is secured to 
a stationary portion of a body of an automobile . 

The operation of the steering apparatus constructed as 
described above will now be described. 

When the input shaft 5 and the output shaft 8 are rotated 
without any twisting of the connecting shaft 6, the input shaft 
5, the output shaft 8 and the connecting shaft 6 are integrally 
rotated . 

When the input shaft 5 and the output shaft 8 have been rotated , 
the protrusions 13c and 13d which are closest to the detecting 
surfaces of the MR sensors 13e and 13 f are moved in the axial direction 
of the input shaft 5 and the output shaft 8, respectively. The 
protrusions 13c and 13d are spirally formed on the circumferential 
surfaces 13a and 13b of the input shaft 5 and the output shaft 
8. The positions of the magnetic protrusions 13c and 13d, which 
are closest to the detecting surfaces of the MR sensors 13e and 
13f , in the axial direction of the input shaft 5 and the output 
shaft 8 and the rotational angles of the input shaft 5 and the 
output shaft 8 can be made to correspond to each other. 
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For example, the output voltages of the MR sensors 13e and 
13 f and the rotational angles of the input shaft 5 and the output 
shaft 8 are set to have a similar linear relationship. When the 
input shaft 5 and the output shaft 8 have been rotated plural times, 
5 the outputs of the MR sensors 13e and 13f show the voltage waveform 
having a period of 360° as shown in FIG. 4AandFIG. 4B. Inaccordance 
with the output voltages of the MR sensors 13e and 13f , the rotational 
angles of the input shaft 5 and the output shaft 8 can be detected. 

When the steering torque has been applied on the steering 

10 wheel 1 and the input shaft 5 and the output shaft 8 have been 
rotated such that the torsion bar 6 is twisted, the output voltages 
of the MR sensors 13e and 13 f generate the difference in the voltage 
corresponding to the torsional angle as shown in FIG . 4C . The output 
voltages of the MR sensors 13e and 13 f are inputted to a subtraction 

15 circuit (not shown) through corresponding output cables. The 
subtraction circuit calculates the difference in the voltage so 
as to obtain the torsional angle so that a signal corresponding 
to the steering torque is outputted. 

The MR sensor 13 f is able to output through the output cable 

20 a signal indicating the rotational angle of the steering wheel 
1 detected by the rotational angle detecting device comprising 
the output shaft 8, the magnetic protrusion 13d and the MR sensor 
13f . 

The signal corresponding to the steering torque and the signal 
25 indicating the rotational angle of the steering wheel 1 are supplied 
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to a control unit (not shown) . The control unit controls the rotation 
of the electric motor 14 in response to each of the supplied signals . 



(Fifteenth Embodiment) 
5 FIG . 25 is a principle view showing an essential construction 

of a fifteenth embodiment of the rotational angle detecting device 
according to the present invention. In this embodiment, the 
rotational angle detecting device is applied to a brushless DC 
motor. A displacement plate 62 formed into a disc shape which is 

10 a rotor having a rotating shaft which is a rotor shaft 61 of the 
brushless DC motor 60. 

FIG. 26A, FIG. 26B and FIG. 26C are diagrams showing the 
construction and the operation of the rotational angle detecting 
device shown in FIG. 25. As shown in FIG. 26A, the displacement 

15 plate 62 comprises a magnetic protrusion 64 formed spirally on 
the circumferential surface of the displacement plate 62 . To detect 
the posit ionof the protrusion 64 which is moved in the axial direction 
of the rotor shaft 61 when the rotor shaft 61 and the displacement 
plate 62 of the brushless DC motor 60 have been rotated, an MR 

20 sensor 63 is disposed in parallel with the surface of the displacement 
plate 62 such that a proper distance is maintained. The MR sensor 
63 is secured to a housing (not shown) which is a stationary member . 

The brushless DC motor 60 comprises a driver circuit for 
detecting the position of the rotating rotor as a substitute for 

25 the commutator. In response to the detection signal, the driver 
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circuit controls an electronic circuit to generate a rotational 
magnetic field. 

AsteeringapparatuscorrprisingthebrushlessDCmotorrequires 
that the rotor has an excellent position resolution and information 
5 about an accurate position to realize smooth steering feeling. 
Therefore, a resolver, a rotary encoder and the like have been 
employed. The foregoing units are costly units. 

Therotationalangledetectingdeviceconstructedasdescribed 
above is arranged such that when the rotor shaft 61 of the brushless 
10 DC motor 60 and the displacement plate 62 have been rotated, the 
protrusion 64 which is closest to the detecting surface of the 
MR sensor 63 is moved in the axial direction of the rotor shaft 
61. 

The rotational angle detecting device having the 
15 above-mentioned constructed as described above is arranged such 
that the protrusion 64 which is closest to the detecting surface 
of the MR sensor 63 is moved in the axial direction of the rotor 
shaft 61 when the rotor shaft 61 of the brushless DC motor 60 and 
the displacement plate 62 are rotated. 
20 The protrusion 64 is spirally formed on the circumferential 

surface of the displacement plate 62. Therefore, the position of 
the protrusion 64 which is closest to the detecting surface of 
the MR sensor 63 in the axial direction of the rotor shaft 61 and 
the rotational angle of the rotor shaft 61 can be made to correspond 
25 toeachother. Forexample, asshowninFIG. 26B, setting is performed 
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such that the output voltage of the MR sensor 63 and the rotational 
angle of the rotor shaft 61 have a linear relationship. Thus, the 
rotational position of the rotor of the brushless DC motor 60 can 
be detected in accordance with the output voltage of the MR sensor 
5 63, as shown in FIG. 26C. 

The MR sensor (magnetic position sensor) which has widely- 
been used in recent years has been formed into the one -chip IC. 
Therefore, the MR sensor is a low- cost sensor. Moreover, the MR 
sensor realizing exerted resistance against environment can be 

l 

10 mounted on an engine room of an automobile. 

Moreover, the MR sensor can widely been used as well as 
application to the position sensor for the rotor of the brushless 
DC motor and the steering angle sensor for the steering wheel . 

FIG. 27AthroughFIG. 2 7Fare diagrams showing the construction 

15 and operation of the rotational angle detecting device according 
to the present invention. The pattern of the magnetic protrusion 
64a when the circumferential surface of the displacement plate 
62a has been developed is formed into a saw-tooth shape as shown 
in FIG. 27B, the output voltage of the MR sensor is, as shown in 

20 FIG. 27A, changed to form the saw-tooth shape similar to the pattern 
of the protrusion 64a when the displacement plate 62a has been 
rotated by 360°. 

In the case where the pattern of the magnetic protrusion 
64b when the circumferential surface of the displacement plate 

25 62b has been developed is formed into the stepped- shape as shown 
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in FIG . 27D, the output voltage of the MR sensor when the displacement 
plate 62b has been rotated by 360° is, as shown in FIG. 27C, changed 
to form the stepped shape similar to the pattern of the protrusion 
64b as shown in FIG. 27C. 
5 In the case where the pattern of the magnetic protrusion 

64c when the circumferential surface of the displacement plate 
62c has been developed is formed into the sine-wave shape as shown 
in FIG. 27F, the output voltage of the MR sensor when the displacement 
plate 62c has been rotated by 360° is changed to form the sine-wave 
10 shape similar to the pattern of the protrusion 64c as shown in 
FIG. 27E. 

In each of the foregoing embodiments , the magnetic protrusion 
is provided as the portion which is magnetically discontinuous. 
The present invention is not limited to the protrusion . For exanple , 

15 a groove or a boundary of surfaces which are different magnetically 
may be provided. In the foregoing case, the portion which is 
magnetically discontinuous can be formed. Although the portion 
which is magnetically discontinuous is spirally formed on the 
circumferential surface of the rotor, the portion is not limited 

20 to the spiral shape. 

(Sixteenth Embodiment) 

The foregoing torque detecting device encounters a fact that 
the output voltage of the MR sensor is formed into a nonlinear 
25 shape as shown in FIG. 28A because the characteristic of the output 
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voltage is disordered between the start and end portions of the 
magnetic protrusions. Thus, a sag portion which cannot be used 
to detect the torque is undesirably formed. Therefore, a plurality 
of MR sensors are employed such that the phases of the output voltages 
5 are shifted as shown in FIG. 28B. Thus, the output voltage of the 
sag portion is corrected (interpolated) . 

For example, the phases of the output voltages of two MR 
sensors are shifted by 180° as shown in FIG. 28C. Moreover, either 
output voltage is inverted to make a comparison between the two 

10 output voltages so that the absolute angle is detected. 

The foregoing method cannot easily manage the accuracy of 
the intersection of the output voltages of the two output voltages . 
When the output voltages of the two MR sensors are treated with 
an accuracy of 10 bits, the accuracy of the output voltage at the 

15 intersection must be 0.1 % or higher. In the foregoing case, the 
accuracy of the output voltage of the MR sensor cannot easily be 
managed when a manufacturing process is performed. 

FIG. 29 is a diagram showing the operation of the torque 
detecting device according to the present invention . When the output 

20 voltages of the two MR sensors for performing mutual correction 
have small sag portion of the outputs with respect to the given 
shift of the phases, effective data (a straight line portions) 
overlaps the output switching portion as shown in FIG. 29. When 
the output voltage of the MR sensor is corrected, the output voltage 

25 is switched in the width in which effective data overlaps . As shown 
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in FIG. 29, a level for switching the output voltage of the MR 
sensor is set for both upper and lower portions. When the output 
voltage of the MR sensor is deviated from the range between the 
levels, switching is performed. 



and the output shaft are provided such that the positions which 
must be detected are different from each other by 180° in the 
circumferential direction of the outer surface. When no torque 
is being generated (no twisting is generated in the connecting 

10 shaft) , the output voltages of the magnetic sensors for detecting 
the same positions of the input shaft and the output shaft are 
made to be the same. 

When torque detection is started, both of the input shaft 
and the output shaft are set such that the output voltages of the 

15 magnetic sensors pass through the level which must be switched. 
The magnetic sensors which use the output voltage are previously 
selected and judged. When the magnetic sensor for the input shaft 
and/or the output shaft which uses the output voltage has not been 
determined, torque detection is not performed. 

20 When the characteristic of the output voltage of the MR sensor 

has a sag port ion, torque detection is permitted . A torque detecting 
device which is capable of easily managed the accuracy of the output 
voltage of the magnetic sensor when the manufacturing process is 
performed and a steering apparatus which rotates the electric motor 

25 in accordance with a detection result by the torque detecting device 



5 



For example, the two magnetic sensors for both input shaft 
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to generate force for assisting steering will now be described. 

FIG. 30 is a principle view showing an essential construction 
of the torque detecting device according to an embodiment of the 
present invention. 
5 In this embodiment, the torque detecting device is applied 

to a steering apparatus. A magnetic protrusion 22a is spirally 
formed on the circumferential surface of an intermediate portion 
of an input shaft 21a of a steering shaft having an upper end to 
which a steering wheel 1 is connected and a lower end to which 
10 the torsion bar 6 is connected. 

To detect the position of the protrusions 22a which is moved 
in the axial direction of the input shaft 21a when observation 
is performed from one rotational position owing to rogation of 
the input shaft 21a, an MR sensor 23a is disposed in parallel with 
15 the input shaft 21a such that a proper distance is maintained. 
The MR sensor 23a is secured to a stationary portion of a body 
of an automobile. 

To detect a position which is different from the position 
detectedby the MR sensor 23a by 180° in the circumferential direction 
20 of the input shaft 21a, an MR sensor 24a is disposed in parallel 
with the input shaft 21a such that a proper distance is maintained. 
The MR sensor 24a is secured to a stationary portion of a body 
of an automobile. 

The upper end of the output shaft 21b of the steering shaft 
25 is connected to the torsion bar 6 and the lower end of the same 
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is connected to the pinion gear 3. Similarly to the input shaft 
21a, a magnetic protrusion 22a is spirally formed on the 
circumferential surface of an intermediate portion of the output 
shaft 21b. To detect the position of the protrusion 22a which is 
5 moved in the axial direction of the output shaft 21b when the output 
shaft 21b has been rotated in a state where observation is performed 
fromone rotational position, anMR sensor 23b is disposed inparallel 
with the output shaft 21b such that a proper distance is maintained. 
The MR sensor 23b is secured to a stationary portion of a body 

10 of an automobile. 

To detect the position which is different from the position 
detected by the MR sensor 23b by 180° in the circumferential surface 
of the output shaft 21b, an MR sensor 24b is disposed in parallel 
with the output shaft 21b such that a proper distance is maintained. 

15 The MR sensor 24b is secured to a stationary portion of a body 
of an automobile. 

When no torque is generated by the input shaft 21a and the 
output shaft 21b (when the connecting shaft is free from twisting) , 
the MR sensors 23a, 23b, 24a and 24b are brought to a state such 

20 that the output voltages of the MR sensors 23a and 23b are the 
same. Moreover, the output voltages of the MR sensors 24a and 24b 
are the same. 

Each of the MR sensors 23a, 23b, 24a and 24b comprises a 
potential dividing circuit comprising, for example, two magnetic 
25 resistors; and a biasing magnet provided for the surface which 
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does not face the steering shaft . The biasing magnet enlarges change 
in the magnetic field owing to the magnetic protrusion 22a. Thus, 
the magnetic f ieldof the surface of the steering shaft is intensified 
in order to inprove the sensitivity of the MR sensors 23a, 23b, 
5 24a and 24b. 

Output voltage of each of the MR sensors 23a, 23b, 24a and 
24b is inputted to a signal processing unit 35. Output voltage 
of the signal processing unit 35 is outputted as a signal indicating 
the steering torque applied on the steering wheel 1 detected by 

10 the torque detecting device. 

The operation of the torque detecting device having the 
above-mentioned construction will now be described with reference 
to a flow chart shown in FIG. 31 through FIG. 33. 

FIG. 31 through FIG. 33 show a flow chart of the operation 

15 of the torque detecting device shown in FIG. 30. The torque detecting 
device is arranged such that the protrusions 22a which is closest 
to the detecting surfaces of the MR sensors 23a and 24a, 23b and 
24b is moved in the axial direction of the input shaft 21a and 
the output shaft 21b whenever the input shaft 21a and the output 

20 shaft 21b rotate in a range that 0° < 9 < 360°. Since the protrusion 
22a is formed spirally on the circumferential surfaces of the input 
shaft 21a and the output shaft 21b, the position of the protrusions 
22a which is closest to the detecting surfaces of the MR sensors 
23a, 24a, 23b and 24b in the axial direction of the input shaft 

25 21a and the output shaft 21b and the rotational angle of the input 
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shaft 21a and the output shaft 21b can be made to correspond to 
each other. 

When steering torque is applied on the steering wheel 1 causing 
a torsional angle to be generated in the torsion bar 6, the output 
5 voltage of each of the MR sensors 23a and 23b generate the difference 
in the voltage corresponding to the torsional angle . Also the output 
voltage of the MR sensors 24a and 24b generate the difference in 
the voltage corresponding to the torsional angle. The difference 
in the voltage is calculated by the signal processing unit 35 so 

10 that the torsional angle is obtained. Thus, a signal indicating 
the steering torque can be outputted. 

Initially, the signal processing unit 35 executes analog 
to digital conversion of output voltages MR 23a, MR 24a, MR 23b 
and MR 24b of the MR sensors 23a, 24a, 23b and 24b (S2) . 

15 FIG. 33A and FIG. 33B are diagrams showing the operation 

of the torque detecting device shown in FIG. 30. As shown in FIG. 
34A, the signal processing unit 35 has set upper and lower switching 
levels LIMH and LIML in such a manner that the output voltages 
MR 23a and MR 24a (MR 23b and MR 24b) can be switched in a portion 

20 in which effective data (the straight line portion) of the output 
voltages MR 23a and MR 24a (MR 23b and MR 24b) of the MR sensors 
23aand24a (23band24b) overlap. Anassumptionismade that effective 
data (the straight line portion) of the output voltages MR 23a 
and MR 24a (MR 23b and MR 24b) are in parallel with each other. 

25 Then, the signal processing unit 35 judges whether or not 
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the output voltage MR 23a of the MR sensor 23a is higher than the 
level LIML or the output voltage MR 23a is lower than the level 
LIML (S4) . Wheneitherconditionis satisfied, the signal processing 
unit 35 judges that the MR sensor 24a is the MR sensor for detecting 
5 the torque of the input shaft 21a (S6) . Then, the signal processing 
unit 35 stores the output of the MR sensor 24a as the output voltage 
MR 24a (S8) . 

When either condition is not satisfied as a result of the 
judgement performed such that the signal processing unit 35 judges 

10 whether or not the output voltage MR 23a of the MR sensor 23a is 
higher than the level LIML or the output voltage MR 23a is lower 
than the level LIML (S4) , the signal processing unit 35 performs 
the following process: whether or not the output voltage MR 24a 
of the MR sensor 24a is higher than the level LIMH or the output 

15 voltage MR 24a is lower than the level LIML is judged (S10) . When 
either condition is satisfied, the signal processing unit 35 
determines the MR sensor 23a as the MR sensor for detecting the 
torque of the input shaft 21a (S12) . Thus, the signal processing 
unit 35 stores the output of the MR sensor 23a as the output voltage 

20 MR 23a (S14) . 

As described above, the signal processing unit 35 judges 
whether or not the output voltage MR 24a of the MR sensor 24a is 
higher than the level LIMH or the output voltage MR 24a is lower 
than the level LIML (S10) . When either condition is not satisfied, 

25 whether or not the MR sensor for the input shaft 21a for use in 
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the previous cycle for detecting the torque is the MR sensor 23a 
is judged (Sll) . When the previous MR sensor is the MR sensor 23a, 
the signal processing unit 35 determines the MR sensor 23a as the 
MR sensor for detecting the torque of the input shaft 21a (S12) . 

As described above, the signal processing unit 35 judges 
whether or not the MR sensor for the input shaft 21a for use in 
the previous cycle for detecting the torque is the MR sensor 23a 
(Sll) . When the MR sensor is not the MR sensor 23a, whether or 
not the MR sensor for the input shaft 21a for use in the cycle 
for detecting the torque is the MR sensor 24a is judged (S13) . 
When the previous MR sensor is the MR sensor 24a , the signal processing 
unit 35 determines that the MR sensor 24a is the MR sensor for 
detecting the torque of the input shaft 21a (S6) . 

When the signal processing unit 35 has determined that the 
output of the MR sensor for detecting the torque of the input shaft 
21a is the output voltage MR 24a (S8) , or that the output of the 
MR sensor for detecting the torque of the input shaft 21a is the 
output voltage MR 23a (S14) , the signal processing unit 35 judges 
whether or not the output voltage MR 23b of the MR sensor 23b is 
higher than the level LIMH or the output voltage MR 23b is lower 
than the level LIML (S16) . When either condition is satisfied, 
the signal processing unit 35 determines that the MR sensor 24b 
is the MR sensor for detecting the torque of the output shaft 21b 
(S18) . Thus, the signal processing unit 35 stores the output of 
the MR sensor 24b as the output voltage MR 24b (S20) . 
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As described above, the signal processing unit 35 judges 
whether or not the output voltage MR 23b of the MR sensor 23b is 
higher than the level LIMH or the output voltage MR 23b is lower 
than the level LIML (S16) . When either condition is not satisfied, 
5 the signal processing unit 35 judges whether or not the output 
voltage MR 24b of the MR sensor 24b is higher than the level LIMH 
or the output voltage 24b is lower than the level LIML (S22) . When 
either condition is satisfied, the signal processing unit 35 
determines the MR sensor 23b is the MR sensor for detecting the 
10 torque of the output shaft 21b (S24) . Then, the signal processing 
unit 35 stores the output of the MR sensor 23b as the output voltage 
MR 23b (S26) . 

As described above, the signal processing unit 35 judges 
whether or not the output voltage MR 24b of the MR sensor 24b is 

15 higher than the level LIMH or the output voltage MR 24b is lower 
than the level LIML (S22) . When either condition is not satisfied, 
the signal processing unit 35 judges whether or not the MR sensor 
for the output shaft 21b for use in the previous cycle for detecting 
the torque is the MR sensor 23b (S23) . When the previous MR sensor 

20 is the MR sensor 23b, the signal processing unit 35 determines 
the MR sensor 23b as the MR sensor for detecting the torque of 
the output shaft 21b (S24) . 

As described above, the signal processing unit 35 judges 
whether or not the MR sensor for the output shaft 21b for use in 

25 the previous cycle for detecting the torque is the MR sensor 23b 
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(S23) . When the MR sensor is not the MR sensor 23b, the signal 
processing unit 35 judges whether or not the MR sensor for the 
output shaft 21b for use in the previous cycle for detecting the 
torque is the MR sensor 24b (S25) . When the previous sensor is 
5 the MR sensor 24b, the signal processing unit 35 determines that 
the MR sensor 24b is the MR sensor for detecting the torque of 
the output shaft 21b (S18) . 

Then, the signal processing unit 35 judges whether or not 
the MR sensor for detecting the torque of the input shaft 21a has 

10 been determined (sensor 1 ^ 23a I sensor 1 * 24a) or whether or 
not the MR sensor for detecting the torque of the output shaft 
21b has not been determined (sensor 2 * 23b I sensor 2 ^ 24b) (S28) . 
When a judgment result is such that either or both of the MR sensors 
have not been determined { (sensor 1^2 3a I sensor 1^24a) Y (sensor 

15 2 * 23b I sensor 2 ^ 24b) } , the signal processing unit 35 outputs 
a signal indicating that the detected torque is zero£ s (S38) . 

The f oregoingcase is such that theMRsensorwhichhas outputted 
the output voltage higher than the level LIMH or lower than the 
level LIML does not exist for the input shaft 21a and/ or output 

20 shaft 21b (S4, S10, S16 and S22) . Moreover, the MR sensor which 
has been used in the previous cycle for detecting the torque is 
not present (S13 and S25) . Thus, the MR sensor for detecting the 
torque cannot be determined. 

When an MR sensor which has outputted the output voltage 

25 higher than the level LIMH or the output voltage lower than the 
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level LIML is present, the other MR sensor can be determined as 
the MR sensor for detecting the torque as shown in FIG. 34A. When 
any MR sensor which has outputted the output voltage higher than 
the level LIMH or lower than the level LIML is not present, presence 
5 of the MR sensor for use in the previous cycle for detecting the 
torque permits the MR sensor to continuously be used to detect 
the torque. 

When the MR sensor for detecting the torque of the input 
shaft 21a and the MR sensor for detecting the torque of the output 

10 shaft 21b have been determined { (sensor 1 = 23a Y sensor 1 = 24a) 
I (sensor 2 = 23b Y sensor 2 = 24b) } , the signal processing unit 
35 calculates "the torque = the output voltage of the MR sensor 
of the input shaft - the output voltage of the MR sensor of the 
output shaft" (S30) . 

15 Then, the signal processing unit 35 judges whether or not 

the MR sensor for detecting the torque is such that the MR sensor 
for the input shaft 21a is the MR sensor 23a and the MR sensor 
for the output shaft 21b is the MR sensor 23b or whether or not 
the MR sensor for the input shaft 21a is the MR sensor 24a and 

20 the MR sensor for the output shaft 21b is the MR sensor 24b (that 
is, present onthesameside) (S32) . Wheneitherconditionissatisf ied, 
that is, in the case where all of the MR sensors for detecting 
the torque are present on the same side with respect to the input 
shaft 21a and the output shaft 21b and, therefore, the MR sensors 

25 have the same output characteristics as shown in FIG. 34A, the 
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torque which is detected is expressed as deviation of the output 
characteristics . Therefore, correctionof the torqueisnot required. 
Thus, the signal processing unit 35 outputs the calculated torque 
(S30) as the detected torque. 
5 When the judgement performed by the signal processing unit 

35 (S32) results in a fact that either condition is not satisfied, 
that is, in the case where the MR sensor for detecting the torque 
is the MR sensor 23a for the input shaft 21a and the MR sensor 
24b for the output shaft 21b or in the case where the MR sensor 

10 24a is the MR sensor for the input shaft 21a and the MR sensor 
23b is the MR sensor for the output shaft 21b (S32) , the signal 
processing unit 35 judges whether or not the output voltage of 
the MR sensor for the input shaft 21a is higher than the output 
voltage of the MR sensor for the output shaft 21b (S34) . When the 

15 output voltage of the input shaft 21a is higher than that of the 
output shaft 21b, a predetermined voltage level T is subtracted 
from the calculated torque (S30) to correct the torque (S36) . Then, 
the signal processing unit 35 outputs the corrected torque as the 
detected torque. 

20 The signal processing unit 3 5 j udges whether or not the output 

voltage of the MR for the input shaft 21a is higher tan the output 
voltage of the MR sensor for the output shaft 21b (S34) . When the 
outputvoltagefortheoutputshaf t21bishigher, thesignalprocessing 
unit 35 adds the predetermined voltage level T to the calculated 

25 torque (S30) to correct the torque (S40) , and outputs the corrected 
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torque as the detected torque. 

When the two MR sensors for use in detecting the torque are 
present on the different sides with respect to the input shaft 
21a and the output shaft 21b (S32) , their output characteristics 
5 are different from each other by the voltage level T corresponding 
to the difference in the position which must be detected (180° in 
the circumferential direction of the input shaft 21a and the output 
shaft 21b) as show in FIG. 34B. 

Therefore, when the output voltage of the MR sensor for the 

10 input shaft 21a is higher than the .output voltage of the MR sensor 
for the output shaft 21b (S34) , the MR sensor for the input shaft 
21a is the MR sensor 23a and the MR sensor for the output shaft 
21b is the MR sensor 24b as shown in FIG . 34B . Therefore , the voltage 
level T is added to the output voltage MR 24b of the MR sensor 

15 24b so that conversion into the output voltage MR 23b of the MR 
sensor 23b is performed. Thus, the correction of the torque is 
performed (S3 6) . 

When the output voltage of the MR sensor for the input shaft 
21a is lower than the output voltage of the MR sensor for the output 

20 shaft 21b (S34) , the MR sensor for the input shaft 21a is the MR 
sensor 24b and the MR sensor for the output shaft 21b is the MR 
sensor 23b as shown in FIG. 34B. Therefore, the voltage level T 
is added to the output voltage MR 24a of the MR sensor 24a so that 
conversion to the output voltage MR 23a of the MR sensor 23a is 

25 performed. Thus, the torque is corrected (S40) . 
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(Seventeenth Embodiment) 

FIG. 35 through FIG. 40 is a flow chart of the operation 
of a seventeenth embodiment of the torque detecting device according 
5 to the present invention. The torque detecting device according 
to this embodiment is similar to the construction (FIG. 30) of 
the torque detecting device according to the sixteenth embodiment . 
Therefore, the construction is omitted from description. 

Note that each of the difference in the positions which must 
10 be detected by the MR sensors 23a and 24a and the difference in 
the positions which must be detected by the MR sensors 23b and 
24b is not required to be 180° in the circumferential surface of 
the input shaft 2 la and the output shaft 2 lb . Moreover, thedif f erence 
may be present for a predetermined distance in the axial direction 
15 of each of the input shaft 21a and the output shaft 21b. 

The operation of the torque detecting device will now be 
described with reference to a flow chart shown in FIG. 35 through 
FIG. 40. 

The torque detecting device is arranged such that the 
20 protrusions 22a which is closest to the detecting surfaces of the 
MR sensors 23a, 24a, 23b and 24b is moved in the axial direction 
of the input shaft 21a and the output shaft 21b when the input 
shaft 21a and the output shaft 21b are rotated in a range 0° < 9 
< 360°. Since the protrusion 22a is formed spirally on the 
25 circumferential surfaces of the input shaft 21a and the output 
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shaft 21b, the position of the protrusions 22a which is closest 
to the detecting surfaces of the MR sensors 23a, 24a, 23b and 24b 
in the axial direction of the input shaft 21a and the output shaft 
21b and the rotational angle of the input shaft 21a and the output 
5 shaft 21b can be made to correspond to each other. 

When steer ing torque is applied on the steeringwheel 1 causing 
a torsional angle to be generated in the torsion bar 6, the output 
voltage of each of the MR sensors 23a and 23b generate the difference 
in the voltage corresponding to the torsional angle . Also the output 

10 voltage of the MR sensors 24a and 24b generate the difference in 
the voltage corresponding to the torsional angle. The difference 
in the voltage is calculated by the signal processing unit 35 so 
that the torsional angle is obtained. Thus, a signal indicating 
the steering torque can be outputted. 

15 Initially, the signal processing unit 35 performs analog 

to digital conversion of the output voltages MR 23a, MR 24a, MR 
23b and MR 24b of the MR sensors 23a, 24a, 23b and 24b (S42) . 

FIG. 40A and FIG. 40B are diagrams showing the operation 
of the torque detecting device according to the present invention. 

20 As shown in FIG. 40A and FIG. 40B, the signal processing unit 35 
has set upper and lower switching levels LIMH and LIML in such 
a manner that the output voltages MR 23a and MR 24a (MR 23b and 
MR 24b) can be switched in a portion in which effective data (the 
straight line portion) of the output voltages MR 23a and MR 24a 

25 (MR 23b and MR 24b) of the MR sensors 23a and 24a (23b and 24b) 
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overlap. An assumption is made that effective data (the straight 
line portion) of the output voltages MR 23a and MR 24a (MR 23b 
and MR 24b) are in parallel with each other. 

Then, the signal processing unit 35 judges whether or not 
5 the output voltage MR 23a of the MR sensor 23a is higher than the 
level LIML or the output voltage MR 23a is lower than the level 
LIML (S44) . Wheneitherconditionissatisf ied, thesignalprocessing 
unit 35 judges that the MR sensor for the input shaft 21a for use 
in the previous cycle for detecting the torque is the MR sensor 

10 23a (S46) . When the previous MR sensor is the MR sensor 23a, whether 
or not the output voltage MR 23a of the MR sensor 23a is higher 
than level LIMH is judged (S48) . When the output voltage MR 23a 
is higher, calculation that voltage level "TIB = MR 23a - MR 24a'' 
is performed so as to be stored for use in conversion (S50) . When 

15 the output voltage MR 23a is lower (S48) , calculation that voltage 
level "T1A = MR 24a - MR 23a" is performed so as to be stored for 
use in conversion (S68) . 

Then, the signal processing unit 35 determines the MR sensor 
24a as the MR sensor for detecting the torque of the input shaft 

20 21a (S52) . The output of the MR sensor 24a is stored as the output 
voltage MR 24a (S54) . 

When the MR sensor for detecting the torque of the input 
shaft 21a is switched from the MR sensor 23a to the MR sensor 24a, 
their output voltages are different from each other by the voltage 

25 level corresponding to the difference in the position which must 
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be detected . Therefore # conversion must be performed . Therefore , 
when the output voltage MR 23a of the MR sensor 23a is higher than 
the level LIMH (S48) , the voltage level TIB for use in the conversion 
is calculated by using FIG. 41A so as to be stored. When the output 
5 voltage MR 23a of the MR sensor 23a is lower than the level LIMH 
(S48) , that is, when the. output voltage MR 23a is lower than the 
level LIML, voltage level T1A for use in the conversion is calculated 
by using FIG. 41A so as to be stored. 

When the MR sensor for the input shaft 21a for use in the 

10 previous cycle for detecting the torque is not the MR sensor 23a 
(S46) , that is, when the MR sensor 24a is used in the previous 
process andno switching isperf ormed, any conversion is not required . 
Thus, the signal processing unit 35 determines the MR sensor 24a 
as the MR sensor for detecting the torque of the input shaft 21a 

15 (S52) . Then, the signal processing unit 35 stores the output of 
the MR sensor 24a as the output voltage MR 24a (S54) . 

As described above, the signal processing unit 35 judges 
whether or not the output voltage MR 23a of the MR sensor 23a is 
higher than the level LIMH or the output voltage MR 23a is lower 

20 than the level LIML (S44) . When either condition is not satisfied, 
whether or not the output voltage MR 24a of the MR sensor 24a is 
higher than the level LIMH or whether or not the output voltage 
MR 24a is lower than the level LIML (S56) . When either condition 
is satisfied, whether or not the MR sensor for the input shaft 

25 21a for use in the previous cycle for detecting the torque is the 
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MR sensor 24a is judged (S58) . When the previous MR sensor is the 
MR sensor 24a, whether or not the output voltage MR 24a of the 
MR sensor 24a is higher than the level LIMH (S60) . When the output 
voltage MR 24a is higher, voltage level U T1A = MR 24a - MR 23a" 
is calculated for use in the conversion so as to be stored (S62) . 
When the output voltage MR 24a is lower (S60) , voltage level "TIB 
= MR 23a - MR 24a" is calculated for use in the conversion so as 
to be stored (S70) . 

Then, the signal processing unit 35 determines the MR sensor 
23a as the MR sensor for detecting the torque of the input shaft 
21a (S64) . The output of the MR sensor 23a is stored as the output 
voltage MR 23a (S66) . 

When the MR sensor for detecting the torque of the input 
shaft 21a is switched from the MR sensor 24a to the MR sensor 23a, 
their output voltages are different from each other by the voltage 
level corresponding to the difference in the positions which must 
be detected. Therefore, conversion is required. 

When the output voltage MR 24a of the MR sensor 24a is higher 
than the level LIMH (S60) , the voltage level T1A for use in the 
conversion is calculated from FIG. 41A so as to be stored. When 
the output voltage MR 24a of the MR sensor 24a is lower than the 
level LIMH (S60) , that is, when the output voltage MR 24a is lower 
than the level LIML, the voltage level TIB for use in the conversion 
is calculated from FIG. 41A so as to be stored. 

As described above, the signal processing unit 35 judges 
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whether or not the output voltage MR 24a of the MR sensor 24a is 
higher than the level LIMH or whether or not the output voltage 
MR 24a is lower than the level LIML (S56) . When either condition 
is not satisfied, the signal processing unit 35 judges whether 
5 or not the MR sensor for the input shaft 21a for use in the previous 
cycle for detecting the torque is the MR sensor 23a (S57) . When 
the previous MR sensor is the MR sensor 23a, the signal processing 
unit 35 determines that the MR sensor 23a is the MR sensor for 
detecting the torque of the input shaft 21a (S64) . 

10 As described above, the signal processing unit 35 judges 

whether or not the MR sensor for the input shaft 21a for use in 
the previous cycle for detecting the torque is the MR sensor 23a 
(S57) . When the MR sensor is not the MR sensor 23a, whether or 
not the MR sensor for the input shaft 21a for use in the previous 

15 cycle for detecting the torque is the MR sensor 24a is judged (S59) . 
When the previous MR sensor is the MR sensor 24a , the signal processing 
unit 35 determines the MR sensor 24a as the MR sensor for detecting 
the torque of the input shaft 21a (S52) . 

As described above, the signal processing unit 35 judges 

20 whether or not the MR sensor for the input shaft 21a for use in 
the previous cycle for detecting the torque is the MR sensor 24a 
(S59) . When the MR sensor is not the MR sensor 24a, whether or 
not the MR sensor for detecting the torque of the input shaft 21a 
has not been determined (sensor 1 ^ 23a I sensor 1 ^ 24a) or whether 

25 or not the MR sensor for detecting the torque of the output shaft 
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2 lb has not been determined (sensor 2^ 23b I sensor 2* 24b) (S100) . 

When the signal processing unit 35 has determined that the 
output of the MR sensor for the input shaft 21a is the output voltage 
MR 24a (S54) or when the signal processing unit 35 has determined 
that the output of the MR sensor for detecting the torque of the 
input shaft 21a is the output voltage MR 23a (S66) , the signal 
processing unit 35 judges whether or not the output voltage MR 
23b of the MR sensor 23b is higher than the level LIMH or whether 
or not the output voltage MR 23b is lower than the level LIML (S72) . 
When either condition is satisfied, the signal processing unit 
35 judges whether or not the MR sensor for the output shaft 21b 
for use in the previous cycle for detecting the torque is the MR 
sensor 23b (S74) . 

As described above, the signal processing unit 35 judges 
whether or not the previous MR sensor is the MR sensor 23b (S74) . 
When the previous MR sensor is the MR sensor 23b, whether or not 
the output voltage MR 23b of the MR sensor 23b is higher than the 
level LIMH is judged (S76) . When the output volt age MR 2 3b is higher, 
the voltage level "T2B = MR23b - MR24b" is calculated and stored 
for use in the conversion (S78) . When the output voltage MR 23b 
is lower (S76) , the voltage level "T2A = MR 24b-MR23b" is calculated 
and stored for use in the conversion (S84) . 

Then, the signal processing unit 35 determines the MR sensor 
24b as the MR sensor for detecting the torque of the output shaft 
21b (S80) . The output of the MR sensor 24b is stored as the output 
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voltage MR 24b (S82) . 

When the MR sensor for detecting the torque of the output 
shaft 21b is switched from the MR sensor 23b to the MR sensor 24b, 
their output voltages are different from each other by the voltage 
5 level corresponding to the difference in the positions which must 
be detected. Therefore, conversion is required. Therefore, when 
the output voltage MR 23b of the MR sensor 23b is higher than the 
level LIMH (S76) , the voltage level T2B for use in the conversion 
is calculated fromFIG. 41Bandstored (S78) . When the output voltage 
10 MR 23b of the MR sensor 23b is lower than the level LIMH (S76) , 
that is, when the output voltage MR 23b is lower than the level 
LIML, the voltage level T2A for use in the conversion is calculated 
from FIG. 4 IB and stored (S84) . 



15 previous cycle for detecting the torque is not the MR sensor 23b 
(S74) , that is, when the previous MR sensor is the MR sensor 24b 
and, therefore, no switching of the MR sensor is performed, no 
conversion is required. Thus, the signal processing unit 35 
determines the MR sensor 24b as the MR sensor for detecting the 

20 torque of the output shaft 21b (S80) . Then, the signal processing 
unit 35 stores the output of the MR sensor 24b as the output voltage 
MR 24b (S82) . 

As described above, the signal processing unit 35 judges 
whether or not the output voltage MR 23b of the MR sensor 23b is 
25 higher than the level LIMH or whether or not the output voltage 



When the MR sensor for the output shaft 21b for use in the 
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MR 23b is lower than the level LIML (S72) . When either condition 
is not satisfied, whether or not the output voltage MR 24b of the 
MR sensor 24b is higher than the level LIMH or whether or not the 
output voltage MR 24b is lower than the level LIML is judged (S86) . 
5 When either condition is construction, whether or not the MR sensor 
for the output shaft 21b for use in the previous cycle for detecting 
the torque is the MR sensor 24b is judged (S88) . When the previous 
MR sensor is the MR sensor 24b, whether or not the output voltage 
MR 24b of the MR sensor 24b is higher than the level LIMH is judged 

10 (S90) . When the output voltage MR 24b is higher, the voltage level 
"T2A = MR 24b - MR 23b" for use in the conversion is calculated 
and stored (S92) . When the output voltage MR 24b is lower (S90) , 
the voltage level "T2B = MR 23b - MR 24b" for use in the conversion 
is calculated and stored (S98) . 

15 Then, the signal processing unit 35 determines the MR sensor 

23b as the MR sensor for detecting the torque of the output shaft 
21b (S94) . The output of the MR sensor 23b is stored as the output 
voltage MR 23b (S96) . 

When the MR sensor for detecting the torque of the output 

20 shaft 21b is switched from the MR sensor 24b to the MR sensor 23b, 
their output voltages are different from each other by the voltage 
level corresponding to the difference in the position which must 
be detected. Therefore, conversion is required. 

When the output voltage MR 24b of the MR sensor 24b is higher 

25 than the level LIMH (S90) , the voltage level T2A for use in the 
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conversion is calculated and stored (S92 ) . When the output voltage 
MR 24b of the MR sensor 24b is lower than the level LIMH (S90) , 
that is, when the output voltage MR 24b is lower than the level 
LIML, the voltage level T2B for use in the conversion is calculated 
5 from FIG. 41B and stored (S98) . 

As described above, the signal processing unit 35 judges 
whether or not the output voltage MR 24b of the MR sensor 24b is 
higher than the level LIMH or the output voltage MR 24b is lower 
than the level LIML (S86) . When either condition is not satisfied, 

10 the signal processing unit 35 judges whether or not the MR sensor 
for the output shaft 21b for use in the previous cycle for detecting 
the torque is MR sensor 23b (S87) . When the previous MR sensor 
is the MR sensor 23b, the signal processing unit 35 determines 
that the MR sensor 23b is the MR sensor for detecting the torque 

15 of the output shaft 21b (S94) . 

As described above, the signal processing unit 35 judges 
whether or not the MR sensor for the output shaft 21b for use in 
the previous cycle for detecting the torque is the MR sensor 23b 
(S87) . When the MR sensor is not the MR sensor 23b, the signal 

20 processing unit 35 judges whether or not the MR sensor for the 
output shaft 21b for use in the previous cycle for detecting the 
torque is the MR sensor 24b (S89) . When the previous MR sensor 
is the MR sensor 24b, the signal processing unit 35 determines 
that the MR sensor 24b as the MR sensor for detecting the torque 

25 of the output shaft 21b (S80) . 
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Then, the signal processing unit 35 judges whether or not 
the MR sensor for detecting the torque of the input shaft 21a has 
been determined (sensor 1 * 23a I sensor 1 * 24a) or whether or 
not the MR sensor for detecting the torque of the output shaft 
5 21b has been determined (sensor 2 * 23b I sensor 2 * 24b) (S100). 
When a judgment result is such that either or both of the MR sensors 
have not been determined { (sensor 1^ 23a I sensor 1^24a) Y (sensor 
2 * 23b I sensor 2 * 24b) }, the signal processing unit 35 outputs 
a signal indicating that the detected torque is zero (S112) . 

1 0 The forego ing ca se i s such t ha 1 1 he MR sensor whi chhas output t ed 

the output voltage higher than the level LIMH or lower than the 
level LIML does not exist for the input shaft 21a and/or output 
shaft 21b (S44, S56. S72 and S86) . Moreover, the MR sensor which 
has been used in the previous cycle for detecting the torque is 

15 not present (S59 and S89) . Thus, the MR sensor for detecting the 
torque cannot be determined. 

When an MR sensor which has outputted the output voltage 
higher than the level LIMH or the output voltage lower than the 
level LIML is present, the signal processing unit 35 determined 

20 that the other MR sensor is the MR sensor for detecting the torque 
as shown in FIG. 4 OA and FIG. 4 OB. When any MR sensor which has 
outputted the output voltage higher than the level LIMH or lower 
than the level LIML is not present, presence of the MR sensor for 
use in the previous cycle for detecting the torque permits the 

25 MR sensor to continuously be used to detect the torque. 
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When the MR sensor for detecting the torque of the input 
shaft 21a and the MR sensor for detecting the torque of the output 
shaft 21b have been determined { (sensor 1 = 23a Y sensor 1 = 24a) 
I (sensor 2 = 23b Y sensor 2 = 24b) }, the signal processing unit 
5 35 calculates " torque = output voltage of MR sensor for the input 
shaft - output voltage of the MR sensor for the output shaf t" (S102 ) . 

Then, the signal processing unit 35 judges whether or not 
the MR sensor for detecting the torque is such that the MR sensor 
for the input shaft 21a is the MR sensor 23a and the MR sensor 

10 for the output shaft 21b is the MR sensor 23b or whether or not 
the MR sensor for the input shaft 21a is the MR sensor 24a and 
the MR sensor for the output shaft 21b is the MR sensor 24b (that 
is, present on the same side) (S104) . When either condition is 
satisfied, whether or not the MR sensors for detecting the torque 

15 are the MR sensors 23a and 23b is judged (S114) . When a judgement 
result is such that the MR sensors for detecting the torque are 
MR sensors 23a and 23b, that is, both of the MR sensor for detecting 
the torque are present on the same side with respect to the input 
shaft 21a and output shaft 21b and, therefore, the MR sensors have 

20 the same output characteristics as shown in FIG. 40A and FIG. 40B, 
the torque which is detected is expressed as deviation of the output 
characteristics . Therefore, correct ionof the torqueisnot required. 
Thus, the signal processing unit 35 outputs the calculated torque 
(S102) as the detected torque. 

25 The signal processing unit 35 judges whether or not the MR 
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sensors for detecting the torque are the MR sensors 23a and 23b 
(S114) . When a judgement result is such that the MR sensors are 
not the MR sensors 23a and 23b, and that the MR sensors are the 
MR sensors 24aand24b. The voltage level TIBwhichhasbeencalculated 
5 (S50) isaddedtothecalculatedtorque (S102) . Moreover, the voltage 
level T2B which has been calculated is subtracted (S78) . Thus, 
the correction of the torque is performed (S116) . The corrected 
torque is outputted as the detected. 

When either condition is not satisfied in the judgement result 

10 (S104) , that is, when the MR sensor for detecting the torque is 
the MR sensor 23a for the input shaft 21a and the MR sensor 24b 
for the output shaft 21b or when the MR sensor is the MR sensor 
24a for the input shaft 21a and the MR sensor 23b for the output 
shaft 21b (S104) , judgement whether or not the MR sensor for detecting 

15 the torque is the MR sensor 23a for the input shaft 21a is performed 
(S106) . 

When the MR sensor for detecting the torque is the MR sensor 
23a for the input shaft 21a (S106) , the signal processing unit 
35 judges whether or not the output voltage of the MR sensor for 

20 the input shaft 21a is higher than the output voltage of the MR 
sensor for the output shaft 21b (S108) . When the output voltage 
for the input shaft 21a is higher, the voltage level T2B which 
has been calculated (S78) is subtracted from the calculated torque 
(S102) so that the torque is corrected (S110) . The signal processing 

25 unit 35 outputs the corrected torque as the detected torque. 



# 
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As described above, the signal processing unit 35 judges 
whether or not the output voltage of the MR sensor for the input 
shaft 21a is higher than the output voltage of the MR sensor for 
the output shaft 21b (SI 08) . When the output voltage for the output 
5 shaft 21b is higher, the voltage value T2A which has been calculated 
(S84) isaddedtothecalculatedtorque (S102) . The signal processing 
unit 35 outputs the corrected torque as the detected torque (S124) 
As described above, the signal processing unit 35 judges 
whether or not the MR sensor for detecting the torque is the MR 

10 sensor 23a for the input shaft 21a (SI 06) . When the MR sensor for 
the input shaft 21a is not the MR sensor 23a, that is, when the 
MR sensor for the input shaft 21a is the MR sensor 24a, the signal 
processing unit 35 judges whether or not the output voltage of 
the MR sensor for the input shaft 21a is higher than the output 

15 voltage of the MR sensor for the output shaft 21b (SI 18) . When 
the output voltage for the input shaft 21a is higher, the voltage 
level T1A which has been calculated (S68) is subtracted from the 
calculated torque (S102) so that correct ion of the torque is performed 
(S120) . The signal processing unit 35 outputs the corrected torque 

20 as the detected torque. 

As described above, the signal processing unit 35 judges 
whether or not the output voltage of the MR sensor for the input 
shaft 21a is higher than the output voltage of the MR sensor for 
the output shaft 21b (S118) . When the output voltage for the output 

25 shaft 21b is higher, the voltage level TIB which has been calculated 
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(S50) is added to the calculated torque (S102) . Thus, the torque 
is corrected (S122) . The signal processing unit 35 outputs the 
corrected torque as the detected torque. 

When the two MR sensors for use to detect the torque are 
the MR sensor 24a and/or MR sensor 24b, the output voltages MR 
24a and MR 24b of the MR sensors 24a and 24b are converted into 
output voltages 23a and MR 23b of the MR sensors 23a and 23b. 

When the MR sensor for the input shaft 21a is the MR sensor 
23a and the MR sensor for the output shaft 21b is the MR sensor 
24b (S106) and when the output voltage of the MR sensor for the 
input shaft 21a is higher than the output voltage of the MR sensor 
for the output shaft 21b (S108) . The voltage level T2B is added 
to the output voltage MR 24b of the MR sensor 24b as shown in FIG. 
4 OA and FIG. 4 OB. Thus, conversion into the output voltage MR 23b 
of the MR sensor 23b is performed (S110) . 

When the MR sensor for the input shaft 21a is the MR sensor 
23a and the MR sensor for the output shaft 21b is the MR sensor 
24b (S106) and when the output voltage of the MR sensor for the 
input shaft 21a is lower than the output voltage of the MR sensor 
for the output shaft 21b (S108) , the voltage value T2A is subtracted 
from the output voltage MR 24b of the MR sensor 24b shown in FIG. 
4 OA and FIG. 4 OB. Thus, conversion into the output voltage MR 23b 
of the MR sensor 23b is performed (S124) . 

When the MR sensor for the input shaft 21a is the MR sensor 
24a and the MR sensor for the output shaft 21b is the MR sensor 
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23b (SI 06) and when the output voltage of the MR sensor for the 
input shaft 21a is higher than the output voltage of the MR sensor 
for the output shaft 21b (S108) , the voltage level T1A is subtracted 
from the output voltage MR 24a of the MR sensor 24a as shown in 
5 FIG. 40A and FIG. 40B. Thus, conversion into the output voltage 
MR 23a of the MR sensor 23a is performed. 

When the MR sensor for the input shaft 21a is the MR sensor 
24a and that for the output shaft 21b is the MR sensor 23b (S106) 
and when the output voltage of the MR sensor for the input shaft 

10 21a is lower than the output voltage of the MR sensor for the output 
shaft 21b (S108) , the voltage level TIB is added to the output 
voltage MR 24a of the MR sensor 24a as shown in FIG. 4 OA and FIG. 
40B. Thus, conversion into the output voltage MR 23a of the MR 
sensor 23a is performed. 

15 When the MR sensor for the input shaft 21a is the MR sensor 

24a and the MR sensor for the output shaft 21b is the MR sensor 
24b (S114) , as shown in FIG. 40A and FIG. 40B, the voltage level 
TIB is added to the output voltage MR 24a of the MR sensor 24a 
to convert into the output voltage MR 23a of the MR sensor 23a 

20 and the voltage level T2B is added to the output voltage MR 24b 
of the MR sensor 24b to convert into the output voltage MR 23b 
of the MR sensor 23b (S116) . 

Since "TIB + T1A = T2B + T2A" is a voltage level (constant) 
corresponding to 360° , subtraction of the voltage level T1A from 

25 the output voltage MR 24a of the MR sensor 24a, conversion into 
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the output voltage MR 23a of the MR sensor 23a, subtraction of 
the voltage value T2A from the output voltage MR 24b of the MR 
sensor 24b and conversion into the output voltage MR 23b of the 
MR sensor 23b attain the same result as the case where the individual 
conversion is performed by using the voltage levels TIB and T2B. 

That is, by FIG. 40A and FIG. 40B, though the subtraction 
of the voltage level T1A which has been calculated (S68) from the 
calculated torque (S102) and addition of the voltage value T2A 
which has been calculated (S84 ) are performed to correct the torque , 
the result is the same value after the correction has been performed 
in the foregoing case of the correction of the torque (SI 16) . 

In the seventeenth embodiment of the torque detecting device , 
the torque can accurately be performed when the difference in the 
positions which must be detected by the MR sensors 23a and 24a 
and the difference in the positions which must be detected by the 
MR sensors 23b and 24b are not accurately distant by 180° in the 
circumferential direction of the input shaft 21a and output shaft, 
21b. 

(Eighteenth Embodiment) 

FIG . 42 is a principle view showing an essential construction 
of an eighteenth embodiment of the torque detecting device according 
to the present invention. The torque detecting device according 
to this embodiment has a construction that voltages outputted from 
the MR sensors 23a, 23b, 24a and 24b to correspond to the detecting 
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positions are inputted to the signal processing unit 35 . The signal 
processing unit 35 performs analog to digital conversion of the 
inputted voltages to input the digital values to the tables 35a, 
35b, 35c and 35d for each output voltage. 
5 The tables 35a, 35b, 35c and 35d is constructed by EPROM 

(Erasable and Programmable ROM) formed into a matrix configuration 
to output digital signals corresponding to the inputted digital 
signals. 

In the tables 35a, 35b, 35c and 35d, the detecting positions 

10 and characteristics of the output voltages of the MR sensors 23a, 
23b, 24a and 24b are stored such that the positions and the 
characteristics are made to correspond to one another when the 
torque detecting device has been manufactured. 

The tables 35a, 35b, 35c and 35d output the voltage levels 

15 (digital signals) which must be outputted to correspond to the 
output voltage levels (digital signals) when the MR sensors 23a, 
23b, 24a and 24b have detected the positions. 

When the MR sensors 23a and 24a are switched, the tables 
35a and 35b correct the output voltages of the MR sensors 23a, 

20 23b, 24a and 24b in such a manner that the output voltages which 
must be outputted are free from any deviation and smooth switching 
is permitted. The tables 35c and 35d correct the output voltage 
in such a manner that the output voltages which must be outputted 
are free from any deviation and smooth switching is permitted when 

25 the MR sensors 23b and 24b are switched. 
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The signal processing unit 35 uses the output voltages of 
the MR sensors 23a, 23b, 24a and 24b corrected by the tables 35a, 
35b, 35c and 35d to perform the operation of the signal processing 
unit 35 described in the sixteenth and seventeenth embodiment. 

Since the other constructions and operations of the torque 
detecting device are similar to those of the torque detecting device 
according to the sixteenth and seventeenth embodiment, the similar 
constructions and operations are omitted from description. 



10 (Nineteenth Embodiment) 

FIG. 43 isavertical cross sectional view showing an essential 
construction of a nineteenth embodiment of a steering apparatus 
accordingtothepresent invention . The steering apparatus according 
to this embodiment comprises an upper shaft 2 which is attached 

15 to the upper end thereof and to which a steering wheel 1 is attached . 
A cylindrical input shaft 5 and an upper end of a torsion bar 6, 
which is inserted into the input shaft 5, are, through a first 
dowel pin 4, connected to the lower end of the upper shaft 2. A 
cylindrical output shaft 8 is, throughaseconddowelpin7, connected 

20 to a lower end of the torsion bar 6. The upper shaft 2, the input 
shaft 5 and the output shaft 8 are rotatively supported in a housing 
12 through bearings 9a, 9b and 9c. 

The housing 12 includes a torque detecting device 13 for 
detecting the steering torque inaccordancewi than amount of relative 

25 displacement of the input shaft 5 and the output shaft 8 connected 
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to each other through the torsion bar 6. Moreover, the housing 
12 includes a reduction mechanism 15 for reducing the rotation 
of the electric motor 14 for assisting steering which is rotated 
inaccordancewithadetectionresultperformedbythetorquedetecting 
5 device 13 so as to transmit the reduced rotation to the output 
shaft 8 . The operation of the steering mechanism corresponding 
to the rotation of the steering wheel 1 is assisted by using the 
rotation of the electric motor 14. Thus, the labor which must be 
borne by a driver who performs steering can be reduced . The lower 

10 end of the output shaft 8 is connected to a rack and pinion steering 
mechanism through a universal joint. 

The torque detecting device 13 comprises amagneticprotrusion 
13c formed spirally on the circumferential surface 13a of the input 
shaft 5. To detect the position of the magnetic protrusion 13c 

15 which is moved in the axial direction of the input shaft 5 when 
the input shaft 5 has been rotated in a state where observation 
is performed from one rotational position, an MR sensor 13e is 
disposed in parallel with the input shaft 5 such that a proper 
distance is maintained. Moreover, an MR sensor 13g is disposed 

20 in parallel with the input shaft 5 at a position apart from the 
MR sensor 13e by 180° in the circumferential direction of the input 
shaft 5 such that a proper distance is maintained. The MR sensor 
13g is secured to a stationary portion of a body of an automobile. 

Similarly to the input shaft 5, the output shaft 8 has a 

25 magnetic protrusion 13d formed spirally on the circumferential 
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surface 13b of the output shaft 8 . To detect the position of the 
protrusion 13d which is moved in the axial direction of the output 
shaft 8 when the output shaft 8 has been rotated in a state where 
observation is performed from one rotational position, an MR sensor 
13 f is disposed in parallel with the output shaft 8 at a position 
apart from the output shaft 8. An MR sensor 13e is disposed by 
180° in the circumferential direction such that a proper distance 
is maintained . The MR sensor 13h is secured to a stationary portion 
of a body of an automobile. 

The operation of the steering apparatus constructed as 
described above will now be described. 

When the input shaft 5 and the output shaft 8 are rotated 
without any twisting of the torsion bar 6, the input shaft 5, the 
output shaft 8 and the torsion bar 6 are integrally rotated. 

When the input shaft 5 and the output shaft 8 have been rotated, 
the protrusions 13c and 13d which are closest to the detecting 
surfaces of the MR sensors 13e and 13g, 13f and 13h are moved in 
the axial direction of the input shaft 5 and the output shaft 8 . 
The protrusions 13c and 13dare spiral lyformedon the circumferential 
surfaces 13a and 13b of the input shaft 5 and the output shaft 
8. The positions of the protrusions 13c and 13d, which are closest 
to the detecting surfaces of the MR sensors 13e, 13g, 13f and 13h, 
in the axial direction of the input shaft 5 and the output shaft 
8 and the rotational angles of the input shaft 5 and the output 
shaft 8 can be made to correspond to each other. 
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For example, the output voltages of the MR sensors 13e, 13g, 
13 f and 13h and the rotational angles of the input shaft 5 and 
the output shaft 8 are set to have a similar linear relationship. 
When the input shaft 5 and the output shaft 8 have been rotated 
5 plural times, the outputs of the MR sensors 13e, 13g, 13 f and 13h 
show the voltage waveform having a period of 360°. In accordance 
with the output voltages of the MR sensors 13e, 13g, 13f and 13h, 
the rotational angles of the input shaft 5 and the output shaft 
8 can be detected. 

10 When the steering torque has been applied on the steering 

wheel 1 and the input shaft 5 and the output shaft 8 have been 
rotated such that the torsion bar 6 is twisted, the output voltages 
of the MR sensors 13e, 13g, 13f and 13h generate the difference 
in the voltage corresponding to the torsional angle. The output 

15 voltages of the MR sensors 13e, 13g, 13f and 13h are inputted to 
a signal processing unit (not shown) through corresponding output 
cables. Similarly to the signal processing unit 35 according to 
the sixteenth to eighteenth embodiments, the signal processing 
unit calculates the difference in the voltage so as to obtain the 

20 torsional angle so that a signal corresponding to the steering 
torque is outputted 

(Twentieth Embodiment) 

A process for detecting breakdown of the rotational angle 
25 detecting device and the torque detecting device according to the 
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present invention will now be described. 

FIG. 44 is a principle view showing an essential construction 
of the embodiment of the rotational angle detecting device according 
to the present invention . FIG . 45 is a diagram showing the operation 
5 of the rotational angle detecting device shown in FIG. 44. FIG. 
46 isadiagramshowingtheoperationof the rotational angledetecting 
device shown in FIG. 44 . In this embodiment, the rotational angle 
detecting device is applied to a steering apparatus . A protrusion 
22a made of magnetic material is spirally formed on the surface 

10 of an intermediate portion of a steering shaft 21 having an upper 
end to which a steering wheel 1 is connected and lower end to which 
a pinion gear 3 is connected. 

The rotational angle detecting device according to this 
embodiment comprises an MR sensor 23a for detecting the position 

15 of the protrusion 22a which is moved in the axial direction of 
the steering shaft 21 when the steering shaft 21 is rotated and 
which is viewed from a position of rotation. The MR sensor 23a 
is disposed in parallel with the steering shaft 21 such that the 
MR sensor 23 is disposed apart from the steering shaft 21 for a 

20 proper distance . The MR sensor 23a is secured to a stationary port ion 
of a body of an automobile . Moreover, MR sensor 23b and 23c 

(a second magnetic sensor and a second detector) are provided to 
detect the positions of the protrusions 22a which are distant from 
the protrusion 22a which is detected by the MR sensor 23a for a 

25 predetermineddi stance. The MR sensors 2 3a, 23band23carecontained 
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in one package 230 so that an integrated construction is formed. 

Position signals detected by the MR sensors 23a , 23b and 
23c are supplied to the signal processing unit 35 so as to be used 
to judge breakdown. Moreover, a position signal detected by the 
5 MR sensor 23a is used to detect the rotational angle of the steering 
shaft 21. 

Each of the MR sensors 23a, 23b and 23c comprises a potential 
dividing circuit comprising, for example, two magnetic resistors; 
and a common biasing magnet disposed on the surface which does 
10 not face the steering shaft 21. The biasing magnet intensifies 
the magnetic field of the surface of the steering shaft 21 in order 
to improve the sensitivity of each of the MR sensors 23a, 23b and 
23c. 

The rotational angle detecting device having the 
15 above-mentioned construction is arranged such that the protrusion 
22a which is closest to the detecting surface of the MR sensor 
23a is moved in the axial direction of the steering shaft 21 when 
the steering shaft 21 has been rotated in a range that 0° < 0 < 
360°. 

20 Since the protrusion 22a is spirally formed on the 

circumferential surface of the steering shaft 21, the position 
of the protrusion 22a which is closest to the detecting surface 
of the MR sensor 23a in the axial direction of the steering shaft 
21 and the rotational angle of the steering shaft 21 can be made 

25 to correspond to each other. For example, the output voltage of 



-JL il-v -H_J? u3> _jL ^i^^p^j 0) HJi IL^; ^31 Ls fi^I 

180 

the MR sensor 23a which is the position signal detected by the 
MR sensor 23a and the rotational angle of the steering shaft 21 
have a linear relationship as shown in FIG . 45 . Thus , the rotational 
angle of the steering shaft 21 can be detected in accordance with 
5 the output voltage of the MR sensor 23a. 

Similarly to the MR sensor 23a, the MR sensors 23b and 23c 
output positionsignals. Since theMRsensors23band23caredisposed 
to detect the position of the protrusion 22a which is distant from 
the protrusion 22a which is detected by the MR sensor 23a for a 

10 predetermined distance, their output voltages are different from 
each other by the voltage corresponding to the rotational angles 
6i and 0 2 of the steering shaft 21, as shown in. FIG. 46. 

FIG. 47 is a flowchart showing the operation of the rotational 
angle detecting device shown in FIG. 44 . When the output voltages 

15 Va, Vb and Vc of the MR sensors 23a, 23b and 23c have been inputted 
to the signal processing unit 35, the signal processing unit 35 
uses the voltages Vnl and Vn2 to judged whether or not Vnl < Vb 
- Vc < Vn2 and Vnl < Vc - Va < Vn2 (S202) . The voltages Vnl and 
Vn2 are determined in accordance with the output voltages of the 

20 MR sensors 23a, 23b and 23c corresponding to the rotational angle 
0i, 9 2 - 0i and 360° - 8 2 of the steering shaft 21. 

When Vnl < Vb - Vc < Vn2 and Vnl < Vc - Va < Vn2 (S202) , 
signal processing unit 35 judges that the rotational angle 9 of 
the steering shaft 21 satisfies the range 0° < 9 < 9i and the sensors 

25 are free from any failure. Then, the signal processing unit 35 




again restarts the judgement (S202) . 

When the relationships that Vnl < Vb - Vc < Vn2 and Vnl < 
Vc - Va < Vn2 are not satisfied (S202) , the signal processing unit 
35 judges that the rotational angle 0 of the steering shaft 21 does 
5 not satisfies the range 0° < 0 < 0 X . Thus, the signal processing 
unit 35 judges whether or not Vnl < Vc - Va < Vn2 and Vnl < Va - 
Vb < Vn2 (S204) . When Vnl < Vc - Va < Vn2 and Vnl < Va - Vb < Vn2, 
the signal processing unit 35 judges that the rotational angle 
0 of the steering shaft 21 satisfies 0 X < 0 < 0 2 . Thus, the signal 
10 processing unit 35 judges that the sensors are free from any failure . 
Thus, the signal processing unit 35 again restarts the judgement 
(S202) . 

When the relationship that Vnl < Vc - Va < Vn2 and Vnl < 
Va - Vb < Vn2 are not satisfied (S204) , the signal processing unit 

15 35 judges that the rotational angle 0 of the steering shaft 21 does 
not satisfy the range 0i < 0 < 0 2 . Thus, the signal processing unit 
35 judges whether or not Vnl < Va - Vb < Vn2 and Vnl < Vb - Vc < 
Vn2 (S206) . When Vnl < Va - Vb < Vn2 and Vnl < Vb - Vc < Vn2, the 
signal processing unit 35 judges that the rotational angle 0 of 

20 the steering shaft 21 satisfies that 0 2 < 0 < 360°. Thus, the signal 
processing unit 35 judges that the sensors are free from any failure . 
Thus, the signal processing unit 35 again restarts the judgement 
(S202) . 

When the relationships that Vnl < Va - Vb < Vn2 and Vnl < 
25 Vb - Vc < Vn2 is not satisfied (S206) , the signal processing unit 
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35 determines that the rotational angle 0 of the steering shaft 
21 does not satisfy that 9 2 < Q < 360°, that is, the rotational angle 
0of the steering shaft 21 does not satisfy that 0° to 360°. Moreover, 
when the output voltages of the MR sensors 23a, 23b and 23c are 
5 normal, because that they have period of 360° as shown in FIG. 46, 
the signal processing unit 35 determines that the sensor encounters 
a failure and detects the breakdown (S208) . Thus, the signal 
processingunit 35 interrupts detect ionof the steering angle (S210) . 



10 (Twenty-First Embodiment) 

FIG. 48 is a principle view showing an essential construction 
of a twenty- first embodiment of the torque detect ing device according 
to the present invention. In this embodiment, the torque detecting 
device is applied to a steering apparatus. A magnetic protrusion 

15 22a is spirally formed on the circumferential surface of an 

intermediate portion of an input shaft 21a of a steering shaft 
having an upper end to which a steering wheel 1 is connected and 
a lower end to which a torsion bar (connecting shaft ) 6 is connected . 

When the input shaft 21a has been rotated, an MR sensor Aa 

20 is disposed in parallel with the input shaft 21a such that a proper 
distance is maintained to detect the magnetic protrusion 22a which 
ismoved in the axial direct ionof the input shaft 2 la when observation 
is performed from one rotational position. The MR sensor 23a is 
secured to a stationary predetermined of a body of an automobile. 

25 Moreover, MR sensors Ab and Ac are provided to detect the position 
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of the protrusion 22a which is distant from the protrusion 22a 
which is detected by the MR sensor Aa for a predetermined distance . 
The MR sensors Aa, Ab and Ac are contained in one package 2 3 OA 
so that an integrated construction is formed. 
5 An output shaft 21b of the steering shaft has an upper end 

connected to the torsion bar 6 and a lower end connected to a pinion 
gear 3. Similarly to the input shaft 21a, a magnetic protrusion 
22a is spirally disposed on the circumferential surface of an 
intermediate portion of the output shaft 21b. An MR sensor Ba for 

10 detecting the position of the protrusion 22a which is moved in 
the axial direction of the output shaft 21b when observation is 
performed from one rotational position is disposed in parallel 
with the output shaft 21b such that a proper distance is maintained. 
The MR sensor Ba is secured to a stationary portion of a body of 

15 an automobile . Moreover, MR sensors Bb and Be are disposed to detect 
the posit ionof theprotrusion22awhichisdistant f romtheprotrusion 
22a which is detectedby the MR sensor Ba for a predetermined distance . 
The MR sensors Ba, Bb and Be are contained in one package 2 3 OB 
so that an integrated construction is formed. 

20 Output voltage of the MR sensor Aa is inputted to a subtraction 

circuit 39, while the output voltage of the MR sensor Ba is inputted 
to the subtraction circuit 39 and an amplif ier 41 . Output voltage 
of the amplif ier 41 is out put ted as a signal indicating the rotational 
angleof the steering shaft detectedby the rotational angle detecting 

25 device comprising the output shaft 21b, the protrusion 22a and 
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the MR sensor Ba. 

The torsional angle of the torsion bar 6 is at most several 
degrees . A signal indicating the rotational angle of the steering 
shaft may be output ted by the rotational angle detecting device 
comprising the input shaft 21a, the protrusion 22a and the MR sensor 
Aa. 

Output voltage of the subtraction circuit 39 is inputted 
to an amplif ier 40 . Output voltage of the amplifier 40 is outputted 
as a signal indicating the steering torque applied on the steering 
wheel 1 detected by the torque detecting device. 

Position signals detected by the MR sensors Aa, Ab, Ac, Ba, 
Bb and Be are supplied to the signal processing unit 42 so as to 
be used to judge a failure. 

When the input shaft 21a and the output shaft 21b of the 
torque detecting device constructed as described above rotate such 
that 0° < 0m < 360° and 0° < 8v < 360°, the protrusion 22a which is 
closest to the detecting surfaces of the MR sensor Aa and Ba is 
moved to the axial direction of each of the input shaft 21a and 
the output shaft 21b. Since the protrusion 22a is spirally formed 
on the circumferential surface of each of the input shaft 21a and 
the output shaft 21b, the position of the protrusion 22a, which 
is closest to the detecting surfaces of the MR sensors Aa and Ba 
in the axial direction of each of the input shaft 21a and the output 
shaft 21b and the rotational angle of each of the input shaft 21a 
and the output shaft 21b can be made to correspond to each other. 
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FIG. 49A, FIG. 49B and FIG. 49C are diagrams showing the 
operation of the torque detecting device. For example, the output 
voltage of each of the MR sensors Aa and Ba and the rotational 
angle of each of the input shaft 21a and the output shaft 21b have 
5 a similar linear relationship. When the input shaft 21a and output 
shaft 21b are rotated plural times, the output of each of the MR 
sensors Aa and Ba is, as shown in FIG. 49A and FIG. 49B, shows 
a voltage waveform having a period of 360°. In accordance with 
the output voltage of each of the MR sensors Aa and Ba, the rotational 
10 angle of each of the input shaft 21a and the output shaft 21b can 
be detected. 

When steering torque has been applied on the steering wheel 
1 and, therefore, the torsion bar 6 has a torsional angle, the 
output voltage of each of the MR sensors Aa and Ba encounters voltage 
15 difference corresponding to the torsional angle, for example, as 
shown in FIG. 49C. When the voltage difference is calculated by 
the subtraction circuit 39, the torsional angle can be obtained. 
A signal indicating the steering torque can be outputted from the 
amplifier 40. 

20 A signal indicating the rotational angle of the steering 

shaft which has been detected by the rotational angle detecting 
device comprising the output shaft 21b, the magnetic protrusion 
22a and the MR sensor Ba can be outputted from the amplifier 41. 

The signal processing unit 42 is supplied with the detection 

25 signal detected by the MR sensors Aa, Ab, Ac, Ba, Bb and Be to 
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judge a failure for each of sets which is a set consisting of the 
MR sensors Aa, Ab and Ac and a set consisting of the MR sensors 
Ba , Bb and Be . The operation for j udging a failure which is performed 
by the signal processing unit 42 is similar to the operation (see 
FIG. 46 and FIG. 47) for judging a failure of the MR sensors 23a, 
23b and 23c which is performed by the signal processing unit 35. 
Therefore, the operation is omitted from description. 

(Twenty- Second Embodiment) 

FIG. 50 isavertical cross sectional view showing anessential 
construction of a twenty- second embodiment of a steering apparatus 
according to the present invent ion . The steering apparatus according 
to this embodiment comprises an upper shaft 2 which is attached 
to the upper end thereof and to which a steering wheel 1 is attached. 
A cylindrical input shaft 5 and an upper end of a torsion bar (a 
connecting shaft) 6 which is inserted into the input shaft 5 through 
the first dowel pin 4 are connected to the lower end of the upper 
shaft 2. A cylindrical output shaft 8 is, through a second dowel 
pin 7, connected to a lower end of the torsion bar 6. The upper 
shaft 2, the input shaft 5 and the output shaft 8 are rotatively 
supported in a housing 12 through bearings 9a, 9b and 9c. 

The housing 12 includes a torque detecting device 13 for 
detecting the steering torque inaccordancewithan amount of relative 
displacement of the input shaft 5 and the output shaft 8 connected 
to each other through the torsion bar 6. Moreover, the housing 
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12 includes a reduction mechanism 15 for reducing the rotation 
of the electric motor 14 for assisting steering which is rotated 
inaccordancewithadetectionresultperformedbythetorquedetecting 
device 13 so as to transmit the reduced rotation to the output 
5 shaft 8 . The operation of the steering mechanism corresponding 
to the rotation of the steering wheel 1 is assisted by using the 
rotation of the electric motor 14. Thus, the labor which must be 
borne by a driver who performs steering can be reduced . The lower 
end of the output shaft 8 is connected to a rack and pinion steering 

10 mechanism through a universal joint. 

The torque det ect ing devi ce 1 3 compri ses a magnet ic protrus ion 
13c formed spirally on the circumferential surface 13a of the input 
shaft 5. To detect the position of the magnetic protrusion 13c 
which is moved in the axial direction of the input shaft 5 when 

15 the input shaft 5 has been rotated in a state where observation 
is performed from one rotational position, an MR sensor 13ea is 
disposed in parallel with the input shaft 5 such that a proper 
distance is maintained . The MR sensor 13ea is secured to a stationary 
portion of a body of an automobile. Moreover, MR sensors 13eb and 

20 14ec are disposed to detect the position of the protrusion 13c, 
for a predetermined distance , distant from the protrusion 13c which 
is detected by the MR sensor 13ea. The MR sensors 13ea, 13eb and 
13ec are contained in one package 13 Oe so that an integrated 
construction is formed. 

25 Similarly to the input shaft 5, the output shaft 8 has a 
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magnetic protrusion 13d formed spirally on the circumferential 
surface 13b of the output shaft 8 . To detect the position of the 
protrusion 13d which is moved in the axial direction of the output 
shaft 8 when the output shaft 8 has been rotated in a state where 
5 observation is performed from one rotational position, an MR sensor 
13fa is disposed in parallel with the output shaft 8 such that 
a proper distance is maintained. The MR sensor 13fa is secured 
to a stationary portion of a body of an automobile. 

Moreover, MR sensors 13 fb and 13 fc are disposed to detect 
10 the position of the protrusion 13d distant from the protrusion 
13d, which is detected by the MR sensor 13fa, for a predetermined 
distance. The MR sensors 13fa, 13fb and 13fc are contained in one 
package 130f so that an integrated construction is formed. 

The position signals detected by the MR sensors 13ea, 13eb, 
15 13ec, 13fa, 13fb and 13fc are supplied to a signal processing unit 
(not shown) so as to be used to judge a failure. 

The operation of the steering apparatus constructed as 
described above will now be described. 

When the input shaft 5 and the output shaft 8 are rotated 
20 without any twisting of the torsion bar 6, the input shaft 5, the 
output shaft 8 and the torsion bar 6 are integrally rotated. 

When the input shaft 5 and the output shaft 8 have been rotated, 
the protrusions 13c and 13d which are closest to the detecting 
surfaces of the MR sensors 13ea and 13 fa are moved in the axial 
25 directionof the input shaft 5 and the output shaft 8 . The protrusions 
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13c and 13d are spirally formed on the circumf erential surfaces 
13a and 13b of the input shaft 5 and the output shaft 8 . The positions 
of the magnetic protrusions 13c and 13d, which are closest to the 
detecting surfaces of the MR sensors 13ea and 13fa, in the axial 
direct ionof the input shaft 5 and the output shaft 8 and the rotational 
angles of the input shaft 5 and the output shaft 8 can be made 
to correspond to each other. 

For example, the output voltages of the MR sensors 13ea and 
13 fa and the rotational angles of the input shaft 5 and the output 
shaft 8 are set to have a similar linear relationship. When the 
input shaft 5 and the output shaft 8 have been rotated plural times, 
the outputs of the MR sensors 13ea and 13f a show the voltage waveform 
havingaperiodof 3 60° as shown in FIG. 49AandFIG. 49B. Inaccordance 
wi t h t he output vol t age s o f t he MR sensors 1 3 ea and 1 3 f a , the rot at ional 
angles of the input shaft 5 and the output shaft 8 can be detected. 

When the steering torque has been applied on the steering 
wheel 1 and the input shaft 5 and the output shaft 8 have been 
rotated such that the torsion bar 6 is twisted, the output voltages 
of the MR sensors 13ea and 13 fa generate the difference in the 
voltage corresponding to the torsional angle as shown in FIG. 49C. 
The output voltages of the MR sensors 13ea and 13 fa are inputted 
to a subtraction circuit (not shown) through corresponding output 
cables. The subtraction circuit calculates the difference in the 
voltage so as to obtain the torsional angle so that a signal 
corresponding to the steering torque is outputted. 
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The MR sensor 13fa is able to output a signal indicating 
the rotational angle of the steering wheel 1 detectedby the rotat ional 
angle detecting device comprising the output shaft 8, the magnetic 
protrusion 13d and the MR sensor 13fa. 
5 The signal corresponding to the steering torque and the signal 

indicating the rotational angle of the steering wheel 1 are supplied 
toa control unit (not shown) . The control unit controls the rotation 
of the electric not or 14 in response to each of the supplied signals . 

A signal processing unit (not shown) is supplied with the 

10 position signals detected by the MR sensor 13ea, 13eb, 13ec, 13fa, 
13 fb and 13 fc to judge a failure of each of a set consisting of 
the MR sensor 13ea, 13eb and 14ec and a set consisting of the MR 
sensors 13fa, 13fb and 13fc. The operation for judging a failure 
is similar to the operation (see FIG. 46 and FIG. 47) for the MR 

15 sensors 23a, 23b and 23c which is performed by the signal processing 
unit 35 according to the twentieth embodiment. Therefore, the 
operation is omitted from description. 

In the twentieth to twenty- second embodiment s , the protrusion 
22a is required to be a port ion which is magnetically discontinuous . 

20 For example, any one of the foregoing construction may be employed: 
a groove provided for magnetic material; a magnetic protrusion 
provided for a non-magnetic member or a protrusion provided for 
a magnetic member and made of a non-magnetic material. As an 
alternative to the MR sensor, a Hall element may be employed. 

25 
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(Twenty-Third Embodiment) 

FIG. 51 is a principle view showing an essential construction 
of a twenty- third embodiment of the torque detect ing device according 
to the present invention. In this embodiment , the torque detecting 
5 device is applied to a steering apparatus. A magnetic protrusion 
22a is spirally formed on the circumferential surface of an 
intermediate portion of an input shaft 21a of a steering shaft 
having an upper end to which a steering wheel 1 is connected and 
a lower end to which a torsion bar (a connecting shaft) is connected. 

10 To detect the position of the protrusion 22a, which is moved 

in the axial direction of the input shaft 21a, when observation 
is performed from one rotational position, an MR sensor 23a is 
disposed in parallel with the input shaft 21a such that a proper 
distance is maintained . The MR sensor 23a is secured to a stationary 

15 portion of a body of an automobile. 

To detect a position which is different from the position 
which is detected by the MR sensor 23a by 180° in the circumferential 
direction of the input shaft 21a, an MR sensor 24a is disposed 
in parallel with the input shaft 21a such that a proper distance 

20 is maintained . The MR sensor 24a is secured to a stationary portion 
of a body of an automobile. 

The upper end of the output shaft 21b of the steering shaft 
is connected to the torsion bar 6 and the lower end of the same 
is connected to the pinion gear 3 . Similarly to the input shaft 

25 21a, a magnetic protrusion 22a is spirally formed on the 
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circumferential surface of an intermediate portion of the output 
shaft 21b. To detect the position of the protrusion 22a which is 
moved in the axial direction of the output shaft 21b when the output 
shaft 21b has been rotated in a state where observation is performed 
fromone rotational position, anMR sensor 23b is disposed inparallel 
with the output shaft 21b such that a proper distance is maintained. 
The MR sensor 23b is secured to a stationary portion of a body 
of an automobile. 

To detect the position which is different from the position 
which is detected by the MR sensor 23b by 180° in the circumferential 
surface of the output shaft 21b, an MR sensor 24b is disposed in 
parallel with the output shaft 21b such that a proper distance 
is maintained. The MR sensor 24b is secured to a stationary portion 
of a body of an automobile . 

When no torque is generated by the input shaft 21a and the 
output shaft 21b (when the torsion bar 6 is free from twisting) , 
the MR sensors 23a, 24a, 23b and 24b are brought to a state such 
that the output voltages of the MR sensors 23a and 23b are the 
same. Moreover, the output voltages of the MR sensors 24a and 24b 
are the same. 

Each of the MR sensors 23a, 24a, 23b and 24b comprises a 
potential dividing circuit comprising, for example, two magnetic 
resistors; and a biasing magnet provided for the side which does 
not face the steering shaft . The biasing magnet enlarges change 
in the magnetic field owing to the magnetic protrusion 22a. Thus, 
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the magnetic f ieldof the surf ace of the steering shaft is intensified 
in order to improve the sensitivity of the MR sensors 23a, 24a, 
23b and 24b. 

Output voltage of each of the MR sensors 23a, 24a, 23b and 
24b is inputted to a signal processing unit 35 . Output voltage 
of the signal processing unit 35 is outputted as a signal indicating 
the steering torque applied on the steering wheel 1 detected by 
the torque detecting device. 

The operation of the torque detecting device having the 
above-mentioned construction will now be described with reference 
to a flow chart shown in FIG. 52 to FIG. 59. 

FIG. 52 through FIG. 59 show a flow chart of the operation 
of the torque detecting device shown in FIG. 51 . The torque detecting 
device is arranged such that the protrusions 22b which is closest 
to the detecting surfaces of the MR sensors 23a, 24a, 23b and 24b 
is moved in the axial direction of the input shaft 21a and the 
output shaft 21b when the input shaft 21a and the output shaft 
21b rotate in a range that 0° < 0 < 360°. Since the protrusion 22a 
is formed spirally on the circumferential surfaces of the input 
shaft 21a and the output shaft 21b, the position of the protrusions 
22b which is closest to the detecting surfaces of the MR sensors 
23a, 24a, 23b and 24b in the axial direction of the input shaft 
21a and the output shaft 21b and the rotational angle of the input 
shaft 21a and the output shaft 21b can be made to correspond to 
each other. 
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When steering torque is applied on the steering wheel 1 causing 
a torsional angle to be generated in the torsion bar 6 , the output 
voltage of each of the MR sensors 23a and 23b generate the difference 
in the voltage corresponding to the torsional angle . Also the output 
5 voltage of the MR sensors 24a and 24b generate the difference in 
the voltage corresponding to the torsional angle. The difference 
in the voltage is calculated by the signal processing unit 35 so 
that the torsional angle is obtained. Thus, a signal indicating 
the steering torque can be outputted. 

10 Initially, the signal processing unit 35 performs analog 

to digital conversion of the output voltages MR 23a, MR 24a, MR 
23b and MR 24b of the MR sensors 23a, 24a, 23b and 24b (S302) . 

FIG. 60A, FIG. 60BandFIG. 61 are diagrams showingthe operation 
of the torque detecting device shown in FIG. 51. As shown in FIG. 

15 60A, the signal processing unit 35 has set upper and lower switching 
levels LIMH and LIML in such a manner that the output voltages 
MR 23a and MR 24a (MR 23b and MR 24b) can be switched in a portion 
in which effective data portions (the straight line portion) of 
the output voltages MR 23a and MR 24a (MR 23b and MR 24b) of the 

20 MR sensors 23a and 24a (23b and 24b) overlap. An assumption is 
made that effective data portions (the straight line portion) of 
the output voltages MR 23a and MR 24a (MR 23b and MR 24b) are in 
parallel with each other. 

Then, the signal processing unit 35 judges whether or not 

25 any one of the MR sensors 23a, 24a, 23b and 24b has encountered 
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af ailure (forexample, disconnection) . Whendisconnectionoccurred 
in any one of the MR sensors 23a, 24a, 23b and 24b, the signal 
processingunit35performsadisconnectionprocessingforrecovering 
disconnection (S303) . At performing the disconnection processing, 
at first, the signal processing unit 35 judges whether or not 
disconnection occurred any one of MR sensors 23a, 24a, 23b and 
24b in accordance with a fact, for example, that any one of the 
output voltages MR 23a, MR 24a, MR 23b and MR 24b is higher than 
a predetermined value (FIG. 55: S442) . 

Whennodisconnectionoccurs (S444) asaresultof the judgement 
(S442) whether or not disconnection has occurred in any one of 
the MR sensors 23a, 24a, 23b and 24b, the operation is returned. 

When disconnection has occurred (S444) , a pair is selected 
from a pair consisting of the MR sensors 23a and 23b and a pair 
consisting of the MR sensors 24a and 24b which does not include 
the disconnected MR sensor. Thus, the output voltages of the MR 
sensor in the pair (same phase data) is determined as data for 
use to detect the torque (S446) . 

Then, the signal processing unit 35 checks whether or not 
the output voltage determined as data (S446) is not a "sag portion" 
as shown in FIG. 60A and, therefore, it can be used to detect the 
torque (S448) . 

When the checking is made (S448) , the signal processing unit 
35 judges whether or not the disconnected MR sensor is a sensor 
corresponding to the input shaft 2 la and the generated output voltage 
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is MR 23a or MR 24a (FIG. 56: S558) . When the output voltage is 
MR 23a or MR 24a , a judgement is made whether or not the output 
voltage MR 23b of the MR sensor 23b for the output shaft 21b is 
higher than the level LIMH or whether or not the output voltage 
MR 23b is lower than the level LIML (S560) . When either condition 
is satisfied, the MR sensor 24b is determined as the MR sensor 
for detecting the angle for checking whether or not the determined 
(FIG. 55: S446) output voltage can be used to detect the torque. 
Then, the output voltage of the MR sensor 24b is determined as 
the output voltage MR 24b (S562) . 

Then, the signal processing unit 35 judges whether or not 
the output voltage MR 23b is higher than the output voltage MR 
24b (S564) . When the output voltage MR 23b is higher as shown in 
FIG. 61 , the predetermined voltage level T is added to the determined 
(S562) output voltage MR 24b to obtain the voltage indicating the 
detected angle (S566) . When the output voltage MR 23b is lower 
as shown in FIG. 61, the voltage level T is subtracted from the 
determined (S562) output voltage MR 24b to perform correction so 
that the voltage indicating the detected angle is obtained (S586) . 

When the MR sensor for detecting the angle is the MR sensor 
24b or MR sensor 24a, their output characteristics are different 
from those of the MR sensors 23b and 23a by the voltage level T 
correspondingtothedif ference (180°inthecircumferentialdirection 
of the input shaft 21a and the output shaft 21b) in the position 
whichmustbedetected . Therefore , theoutputvoltage24biscorrected 



- , .. _ a mi — *m ar-s t^a it «**«— **sr-w -o 

-A. iLii 4-8 & -JL £23 .JW « Ji_9 E2; 12; S O JE; 



197 

in accordance with the relationship between the level of the output 
voltage MR 23b and that of the output voltage MR 24b. 

The signal processing unit 35 j udges whether or not the output 
voltage MR 23b of the MR sensor 23b is higher than the level LIMH 
5 or whether or not the output voltage MR 23b is lower than the level 
LIML (S560) . When either condition is not satisfied, whether or 
not the output voltage MR 24b of the MR sensor 24b is higher than 
the level LIMH or whether or not the output voltage MR 24b is lower 
than the level LIML is judged (S572) . When either condition is 

10 satisfied, the MR sensor 23b is determined as the MR sensor for 
detecting the angle. Moreover, the output voltage of the MR sensor 
23b is determined as the output voltage MR 23b (S574) so that the 
output voltage MR 23b is employed as the voltage indicating the 
detected angle (S576) . 

15 The signal processing unit 35 j udges whether or not the output 

voltage MR 24b of the MR sensor 24b is higher than the level LIMH 
or whether or not the output voltage MR 24b is lower than the level 
LIML (S572) . When either condition is not satisfied, a judgement 
is made whether or not the MR sensor for use in the previous cycle 

20 for detecting the torque is the MR sensor 23b (FIG. 57: S578) . 
When the MR sensor 23b is used in the previous cycle, the MR sensor 
23b is determined as the MR sensor for detecting the angle and 
the output voltage of the MR sensor 23b is determined as the output 
voltage MR 23b (FIG. 56: S574) . 

25 As described above, the signal processing unit 35 judges 
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whether or not the MR sensor for use in the previous cycle for 
detecting the torque is the MR sensor 23b (FIG. 57: S578) . When 
the MR sensor 23b is not used in the previous cycle, the signal 
processing unit 35 judges whether or not the MR sensor for use 
5 in the previous cycle for detecting the torque is the MR sensor 
24b (FIG. 57: S580) . When the MR sensor 24b is used in previous 
cycle , the MR sensor 24b is determined as the MR sensor for detecting 
the angle. Moreover, the output of the MR sensor 24b is determined 
as the output voltage MR 24b (FIG. 56: S562) . 

10 When the voltage indicating the detected angle has been 

determined (S576, S566 and S586) , the signal processing unit 35 
judges whether or not the detected angle is present in a range 
(a second range) which is not the "sag portion" in the output voltage 
of the MR sensor determined (FIG. 55: S446) as data for use to 

15 detect the torque (S568) . When the angle is included in the range, 
the signal processing unit 35 judges that the determined (S446) 
output voltage can be used to detect the torque (S570) . Then, the 
operation is returned. 

When the signal processing unit 35 has judged that the detected 

20 angle is not included in the "sag portion", the signal processing 
unit 35 judges that the determined (FIG. 55: S446) output voltage 
cannot be used to detect the torque (S582) . Then, no MR sensor 
for detecting the angle is determined (S584) . Then, the operation 
is returned. 

25 As described above, the signal processing unit 35 judges 
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whether or not the MR sensor for use in the previous cycle for 
detecting the torque is the MR sensor 24b (FIG. 57: S580) . When 
the previous MR sensor is not the MR sensor 24b, any sensor cannot 
be determined as the MR sensor which can be used to detect the 
5 angle. Therefore, whether or not the judged (FIG. 55: S446) output 
voltage canbe used todetect the torque cannot be checked. Therefore, 
the signal processing unit 35 judges that the determined (S446) 
output voltage cannot be used to detect the torque (S582) . Then, 
the signal processing unit 35 does not determine any MR sensor 

10 foruseindetectingtheangle (S584) . Then, theoperationis returned. 

The signal processing unit 35 judges whether or not the 
disconnected MR sensor is the sensor for the input shaft 21a and 
whether or not the output voltage of the disconnected is MR 23a 
or MR 24a (FIG. 56: S568) . When the output voltage is MR 23a or 

15 MR 24a, the signal processing unit 35 judges whether or not the 
output voltage MR 23a of the MR sensor 23a for the input shaft 
21a is higher than the level LIMH or whether or not the output 
voltage MR 23a is lower than the level LIML (FIG. 58: S588) . When 
either condition is satisfied, the signal processing unit 35 

20 determines the MR sensor 24a as the MR sensor for detecting the 
angle to judge that the determined (FIG. 55: S446) output voltage 
can be used to detect the torque . Then, the output of the MR sensor 
24a is determined as the output voltage MR 24a (FIG. 58: S590) . 

Then, the signal processing unit 35 judges whether or not 

25 the output voltage MR 23a is higher than the output voltage MR 
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24a (S592) . When the output voltage MR 23a is higher as shown in 
FIG. 61, the predetermined volt age level T is added to the determined 

(S590) output voltage MR 24a to perform correction. Moreover, the 
corrected voltage is employed as the voltage indicating the detected 
angle (S594) . When the output voltage MR 23a is lower as shown 
in FIG. 61, the voltage level T is subtracted from the determined 

(S590) output voltage MR 24a to perform correction. The corrected 
voltage is employed as the voltage indicating the detected angle 

(S614) . 

When the MR sensor for detecting the angle is the MR sensor 
24bor the MR sensor 24a . The output characteristics of the foregoing 
MR sensor is different from those of the MR sensors 23b and 23a 
which must be used to detect the angle by the voltage level T 
correspondingtothedif ference (180°inthecircumf erentialdirection 
of the input shaft 21a and output shaft 21b) which must be detected. 
Therefore, the output voltage MR 24a is corrected in accordance 
with the relationship between the level of the output voltage MR 
23a and the output voltage MR 24a. 

The signal processing unit 35 judges whether or not the output 
voltage MR 23a of the MR sensor 23a is higher than the level LIMH 
or whether or not the output voltage MR 23a is lower than the level 
LIML (S588) . When either condition is not satisfied, the signal 
processing unit 35 judges whether or not the output voltage MR 
24a of the MR sensor 24a is higher than the level LIMH or whether 
or not the output voltage MR 24a is lower than the level LIML (S600) . 
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When either condition is satisfied, the MR sensor 23a is determined 
as the MR sensor for detecting the angle. Moreover, the output 
of the MR sensor 23a is determined as the output voltage MR 23a 

(S602) . Then, the foregoing voltage is employed as the voltage 
indicating the detected angle (S604) . 

The signal processing unit 35 j udges whether or not the output 
voltage MR 24a of the MR sensor 24a is higher than the level LIMH 
or whether or not the output voltage MR 24a is lower than the level 
LiIML (S600) . When either condition is not satisfied, the signal 
processing unit 35 judges whether or not the MR sensor for use 
in the previous cycle for detecting the angle is the MR sensor 
23a (FIG. 59: S606) . When the previous MR sensor is the MR sensor 
23a, the signal processing unit 35 determines that the MR sensor 
23a is the MR sensor for detecting the angle. Moreover, the output 
of the MR sensor 23a is determined as the output voltage MR 23a 

(FIG. 58: S602) . 

The signal processing unit 35 judges whether or not the MR 
sensor for use in the previous cycle for detecting the angle is 
the MR sensor 23a (FIG. 59: S606) . When the MR sensor is not the 
MR sensor 23a, the signal processing unit 35 judges whether or 
not the MR sensor for use in the previous cycle for detecting the 
angle is the MR sensor 24a (S608) . When the previous MR sensor 
is the MR sensor 24a, the signal processing unit 35 determines 
that the MR sensor 24a is the MR sensor for detecting the angle. 
Moreover, the output of the MR sensor 24a is employed as the output 
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voltage MR 24a (FIG. 58: S590) . 

After the voltage indicating the detected angle has been 
determined (S604, S594 and S614) , the signal processing unit 35 
judges whether or not the detected angle is included in a range 
5 (a second range) which is not the " sag portion" in the output voltage 
of the MR sensor determined (S446) as data for use to detect the 
torque (S596) . When the angle is included in the foregoing range, 
the signal processing unit 35 judges that the determined (FIG. 
55: S446) output voltage can be used to detect the torque (FIG. 
10 58: S598) . Then, the operation is returned. 

When the signal processing unit 35 has j udged that the detected 
angleisnotincludedinthe"sagportion" (S596) , thesignalprocessing 
unit 35 judges that the determined (S446) output voltage can be 
used to detect the torque (S610) . Thus, the signal processing unit 
15 35 does not determine any MR sensor for detecting the angle (S612) . 
Then, the operation is returned. 

The signal processing unit 35 judges whether or not the MR 
sensor for use in the previous cycle for detecting the angle is 
the MR sensor 24a (FIG. 59: S608) . When the previous MR sensor 
20 is not the MR sensor 24a, the MR sensor which can be used to detect 
the angle cannot be determined. Therefore, whether or not the 
determined (FIG. 55: S446) output voltage can be used to detect 
torque cannot be determine. Therefore, the signal processing unit 
35 determines that the determined (S446) output voltage cannot 
25 be used to detect torque (FIG. 58: S610) . Thus, thesignalprocessing 
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unit 35 does not determine the MR sensor for detecting the torque 
(S612) . Then, the operation is returned. 

The signal processing unit 35 checks the determined (FIG. 
55: S446) output voltage (S448) . When the output voltage cannot 
5 be used to detect torque (S450) , the operation is returned to a 
process for judging (S442) whether or not any one of the MR sensors 
23a, 24a, 23b and 24b is disconnected (S442) . 

The signal processing unit 35 checks the determined (S446) 
output voltage (S448) . When the output volt age can be used to detect 

10 torque (S450) , the output voltage for the output shaft is subtracted 
from the determined (S446) output voltage for the input shaft to 
calculate the voltage level indicating the torque applied on the 
input shaft 21a (S452) . 

Then, the signal processing unit 35 judges whether or not 

15 the calculated (S452) torque is lower than the predetermined maximum 
torque (S454) . When the calculated torque is larger than the maximum 
torque, the signal processing unit 35 judges that the calculated 
torque is an abnormal value and generates no output. Then, the 
operation is returned to the process for judging whether or not 

20 the MR sensors 23a, 23b, 24a and 24b is disconnected (S442) . 

When the corrected (S452 ) torque is not large than the maximum 
torque (S454) , the signal processing unit 35 outputs the calculated 
torque (S456) . Then, the operation is returned to the process for 
judging whether or not the MR sensors 23a, 23b, 24a and 24b is 

25 disconnected (S442) . 
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The signal processing unit 35 judges whether or not any one 
of the MR sensors 23a, 24a, 23b and 24b is disconnected (FIG. 55: 
S442) . When no disconnection take place (S444) and, therefore, 
the operation is returned, the signal processing unit 35 judges 
5 whether or not the output voltage MR 23a of the MR sensor 23a is 
higher than the level LIMH or whether or not the output voltage 
MR 23a is lower than the level LIML (FIG. 52: S304) . When either 
condition is satisfied, the MR sensor 24a is determined as the 
MR sensor for detecting torque (S3 06) for the input shaft 21a. 

10 Moreover, the output of the MR sensor 24a is stored as the output 
voltage MR 24a (S308) . 

The signal processing unit 35 j udges whether or not the output 
voltage MR 23a of the MR sensor 23a is higher than the level LIMH 
or whether or not the output voltage MR 23a is lower than the level 

15 LIML (S304) . When either condition is not satisfied, the signal 
processing unit 35 judges whether or not the output voltage MR 
24a of the MR sensor 24a is higher than the level LIMH or whether 
or not the output voltage MR 24a is lower than the level LIML (S310) . 
When either condition is satisfied, the MR sensor 23a is determined 

20 as the MR sensor for detecting torque (S312) for the input shaft 
21a. Moreover, the output of the MR sensor 23a is stored as the 
output voltage MR 23a (S3 14) . 

The signal processing unit 35 j udges whether or not the output 
voltage MR 24a of the MR sensor 24a is higher than the level LIMH 

25 or whether or not the output voltage MR 24a is lower than the level 
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LIML (S310) . When either condition is not satisfied, the signal 
processing unit 35 judges whether or not the MR sensor for the 
input shaft 21a for use in the previous cycle for detecting the 
torque is the MR sensor 23a (S311) . When the previous MR sensor 
5 is the MR sensor 23a, the signal processing unit 35 determines 
the MR sensor 23a as the MR sensor for detecting the torque for 
the input shaft 21a (S3 12) . 

The signal processing unit 35 judges whether or not the MR 
sensor for the input shaft 21a for use in the previous cycle for 

10 detecting the torque is the MR sensor 23a (S311) . When the previous 
MR sensor is not the MR sensor 23a , the signal processing unit 
35 judges whether or not the MR sensor for the input shaft 21a 
for use in the previous cycle for detecting the torque is the MR 
sensor 24a (S313) . When the previous MR sensor is the MR sensor 

15 24a, the signal processing unit 35 determines that the MR sensor 
24a as the MR sensor for detecting the torque for the input shaft 
21a (S306) . 

When the output voltage MR 24a is determined as the output 
of the MR sensor for detecting the torque for the input shaft 21a 

20 (S308) or when the output voltage MR 23a is determined as the output 
of the MR sensor for detecting the torque of the input shaft 21a 
(S314) , the signal processing unit 35 judges whether or not the 
output voltage MR 23b of the MR sensor 23b is higher than the level 
LIMH or whether or not the output voltage MR 23b is lower than 

25 the level LIML (FIG. 53: S316) . When either condition is satisfied, 
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the MR sensor 24b is determined as the MR sensor for detecting 
the torque for the output shaft 21b (S3 18) . Moreover, the output 
is stored as the output voltage MR 24b (S320) . 

The signal processing unit 35 judges whether or not the output 
5 voltage MR 23b of the MR sensor 23b is higher than the level LIMH 
or whether or not the output voltage MR 23b is lower than the level 
LIML (S316) . When either condition is satisfied, the signal 
processing unit 35 judges whether or not the output voltage MR 
24b of the MR sensor 24b is higher than the level LIMH or whether 

10 or not the output voltage MR 24b is lower than the level LIML (S322) . 
When either condition is satisfied, the MR sensor 23b is determined 
as the MR sensor for detecting the torque for the output shaft 
21b (S324) . Then, the output of the foregoing MR sensor is stored 
as the output voltage MR 23b (S326) . 

15 The signal processing unit 35 judges whether or not the output 

voltage MR 24b of the MR sensor 24b is higher than the level LIMH 
or whether or not the output voltage MR 24a is lower than the level 
LIML (S322) . When either condition is not satisfied, the signal 
processing unit 35 judges whether or not the MR sensor for the 

20 output shaft 21b for use in the previous cycle for detecting the 
torque is the MR sensor 23b (S323) . When the previous MR sensor 
is the MR sensor 23b, the signal processing unit 35 determines 
the MR sensor 23b as the MR sensor for detecting the torque for 
the output shaft 21b (S324) . 

25 The signal processing unit 35 judges whether or not the MR 
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sensor for the output shaft 21b for use in the previous cycle for 
detecting the torque is the MR sensor 23b (S323) . When the previous 
MR sensor is not the MR sensor 23b # the signal processing unit 
35 judges whether or not the MR sensor for the output shaft 21b 
5 for use in the previous cycle for detecting the torque is the MR 
sensor 24b (S325) . When the previous MR sensor is the MR sensor 
24b, the signal processing unit 35 determines that the MR sensor 
24b is the MR sensor for detecting the torque for the output shaft 
21b (S318) . 

10 Then, the signal processing unit 35 judges whether or not 

the MR sensor for the input shaft 21a for detecting torque has 
not been determines (sensor 1 ^ 23a I sensor 1 ^ 24a) or whether 
or not the MR sensor for detecting the torque for the output shaft 
21b has not been determined (sensor 2 ^ 23b I sensor 2 ^ 24b) (FIG. 

15 54: S528) . When a result of the judgment is such that either or 
both of the MR sensors have not been determined { (sensor 1 ^ 23a 
I sensor 1 * 24a) Y (sensor 2 * 23b I sensor 2 * 24b) } , the signal 
processing unit 35 outputs a signal such that the detected torque 
is zero. 

20 The foregoing case is such that theMRsensorwhichhasoutputted 

the output voltage higher than the level L.IMH or lower than the 
level LIML does not exist for the input shaft 21a and/or output 
shaft 21b (S304, S310, S316 and S322) . Moreover, the MR sensor 
which has been used in the previous cycle for detecting the torque 

25 is not present (S313 and S325) . Thus, the MR sensor for detecting 
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the torque cannot be determined. 

When an MR sensor which has outputted the output voltage 
higher than the level LIMH or the output voltage lower than the 
level LIML is present, the other MR sensor can be determined as 
5 the MR sensor for detecting the torque as shown in FIG. 6 OA. When 
any MR sensor which has outputted the output voltage higher than 
the level LIMH or lower than the level LIML is not present, in 
the case where an MR sensor for use in the previous cycle for detecting 
the torque is present (S311, S313, S323 and S325) , the MR sensor 

10 can be continuously used to detect the torque. 

When the MR sensor for detecting the torque for the input 
shaft 21a and the MR sensor for detecting the torque for the output 
shaft 21b have been determined { (sensor 1 = 23a Y sensor 1 = 24a) 
I (sensor 2 = 23b Y sensor 2 = 24b) } , the signal processing unit 

15 35 calculates "the torque = the output voltage of the MR sensor 
for the input shaft - the output voltage of the MR sensor for the 
output shaft" (S330) . 

Then, the signal processing unit 35 judges whether or not 
the MR sensor for detecting the torque is such that the MR sensor 

20 for the input shaft 21a is the MR sensor 23a and the MR sensor 
for the output shaft 21b is the MR sensor 23b or whether or not 
the MR sensor for the input shaft 21a is the MR sensor 24a and 
the MR sensor for the output shaft 21b is the MR sensor 24b (S332) . 
When either condition is satisfied, that is, in the case where 

25 all of the MR sensors for detecting the torque are present on the 
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same side with respect to the input shaft 21a and the output shaft 
21band, therefore , theMRsensorshavethesameoutput characteristics, 
the torque which is detected is expressed as deviation of the output 
characteristics . Therefore , correct ionof the torque i snot required . 
5 Thus, the signal processing unit 35 outputs the calculated torque 
(S330) as the detected torque. 

When the judgement performed by the signal processing unit 
35 (S332) results in a fact that either condition is not satisfied, 
that is, in the case where the MR sensor for detecting the torque 

10 is the MR sensor 23a for the input shaft 21a and the MR sensor 
24b for the output shaft 21b or in the case where the MR sensor 
24a is the MR sensor for the input shaft 21a and the MR sensor 
23b is the MR sensor for the output shaft 21b (S332) , the signal 
processing unit 35 judges whether or not the output voltage of 

15 the MR sensor for the input shaft 21a is higher than the output 
voltage of the MR sensor for the output shaft 21b (S3 34) . When 
the output voltage for the input shaft 21a is higher than that 
f ortheoutput shaft 21b, apredeterminedvoltage level T is subtracted 
from the calculated torque (S330) to correct the torque (S336) . 

20 Then, the signal processing unit 35 outputs the corrected torque 
as the detected torque. 

The signal processing unit 35 judges whether or not the output 
voltage of the MR sensor for the input shaft 21a is higher tan 
the output voltage of the MR sensor for the output shaft 21b (S334) . 

25 When the output voltage for the output shaft 21b is higher, the 
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predetermined voltage level T is added to the calculated torque 
(S330) to correct the torque (S340) . The signal processing unit 
35 outputs the corrected torque as the detected torque. 

When the two MR sensors for use in detecting the torque are 
5 present on the different sides with respect to the input shaft 
21a and the output shaft 21b (S332) , their output characteristics 
are different from each other by the voltage level T corresponding 
to the difference in the position which must be detected (180° in 
the circumferential direction of the input shaft 21a and the output 

10 shaft 21b) as show in FIG. 6 OB. 

Therefore, when the output voltage of the MR sensor for the 
input shaft 21a is higher than the output voltage of the MR sensor 
for the output shaft 21b (S334) , the MR sensor for the input shaft 
21a is the MR sensor 23a and the MR sensor for the output shaft 

15 21b is the MR sensor 24b as shown in FIG . 60B . Therefore , the voltage 
level T is added to the output voltage MR 24b of the MR sensor 
24b so that conversion into the output voltage MR 23b of the MR 
sensor 23b is performed so that the correction of the torque is 
performed (S336) . 

20 On the other hand, when the output voltage of the MR sensor 

for the input shaft 21a is lower than the output voltage of the 
MR sensor for the output shaft 21b (S334) , the MR sensor for the 
input shaft 21a is the MR sensor 24a and the MR sensor for the 
output shaft 21bis the MR sensor 23b as shown inFIG. 60B. Therefore, 

25 the voltage level T is added to the output voltage MR 24a of the 
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MR sensor 24a so that conversion into the output voltage MR 23a 
of the MR sensor 23a is performed so that the correction of the 
torque is performed (S340) . 

5 (Twenty- Fourth Embodiment) 

FIG. 62 is a vertical cross sectional view showing anessential 
construction of a twenty- fourth embodiment of a steering apparatus 
accordingtothepresent invention . Thesteeringapparatusaccording 
to this embodiment comprises an upper shaft 2 which is attached 

10 to the upper end thereof and to which a steering wheel 1 is attached . 
A cylindrical input shaft 5 and an upper end of a torsion bar (a 
connecting shaft) 6, which is inserted into the input shaft 5, 
are, through a first dowel pin 4, connected to the lower end of 
the upper shaft 2 . A cylindrical output shaft 8 is , through a second 

15 dowel pin 7, connected to a lower end of the torsion bar 6. The 
upper shaft 2 , the input shaft 5 and the output shaft 8 are rotatively 
supported in a housing 12 through bearings 9a, 9b and 9c. 

The housing 12 includes a torque detecting device 13 for 
detecting the steering torque inaccordancewithan amount of relative 

20 displacement of the input shaft 5 and the output shaft 8 connected 
to each other through the torsion bar 6. Moreover, the housing 
12 includes a reduction mechanism 15 for reducing the rotation 
of the electric motor 14 for assisting steering which is rotated 
inaccordancewithadetectionresultperformedbythetorquedetecting 

25 device 13 so as to transmit the reduced rotation to the output 
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shaft 8. The operation of the steering mechanism corresponding 
to the rotation of the steering wheel 1 is assisted by using the 
rotation of the electric motor 14. Thus, the labor which must be 
borne by a driver who performs steering can be reduced. The lower 
5 end of the output shaft 8 is connected to a rack and pinion steering 
mechanism through a universal joint. 

The torquedetectingdevice 13 comprises amagneticprotrusion 
13c formed spirally on the circumferential surface 13a of the input 
shaft 5. To detect the position of the magnetic protrusion 13c 

10 which is moved in the axial direction of the input shaft 5 when 
the input shaft 5 has been rotated in a state where observation 
is performed from one rotational position, an MR sensor 13e is 
disposed in parallel with the input shaft 5 such that a proper 
distance is maintained. Moreover, an MR sensor 13g is disposed 

15 in parallel with the input shaft 5 at a position apart from the 
MR sensor 13e by 180° in the circumferential direction of the input 
shaft 5 such that a proper distance is maintained. The MR sensors 
13c, 13e and 13g are secured to stationary portions of a body of 
an automobile, respectively. 

20 Similarly to the input shaft 5, the output shaft 8 has a 

magnetic protrusion 13d formed spirally on the circumferential 
surf ace of the output shaft 8 . Todetect the posit ionof the protrusion 
13d which is moved in the axial direction of the output shaft 8 
when the output shaft 8 has been rotated in a state where observation 

25 is performed from one rotational position, an MR sensor 13f is 
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disposed in parallel with the output shaft 8 such that a proper 
distance is maintained. Moreover, an MR sensor 13h is disposed 
in parallel with the output shaft 8 at a position apart from the 
MR sensor 13f by 180° in the circumferential direction of the output 
5 shaft 8 such that a proper distance is maintained. The MR sensors 
13d, 13 f and 13h are secured to stationary portions of a body of 
an automobile, respectively. 

The operation of the steering apparatus constructed as 
described above will now be described. 

10 When the input shaft 5 and the output shaft 8 are rotated 

without any twisting of the torsion bar 6, the input shaft 5, the 
output shaft 8 and the torsion bar 6 are integrally rotated. 

When the input shaft 5 and the output shaft 8 have been rotated, 
the protrusions 13c and 13d which are closest to the detecting 

15 surfaces of the MR sensors 13e and 13g, 13f and 13h are moved in 
the axial direction of the input shaft 5 and the output shaft 8. 
The prot rus ions 1 3 c and 1 3 d are spi ral ly f ormed on t he c i rcumf er ent ial 
surfaces 13a and 13b of the input shaft 5 and the output shaft 
8. The positions of the magnetic protrusions 13c and 13d, which 

20 are closest to the detecting surfaces of the MR sensors 13e, 13g, 
13 f and 13h, in the axial direction of the input shaft 5 and the 
output shaft 8 and the rotational angles of the input shaft 5 and 
the output shaft 8 can be made to correspond to each other. 

For example, the output voltages of the MR sensors 13e and 

25 13g, 13f and 13h and the rotational angles of the input shaft 5 
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and the output shaft 8 are set to have a similar linear relationship . 
When the input shaft 5 and the output shaft 8 have been rotated 
plural times, the outputs of the MR sensors 13e and 13g, 13f and 
13h show the voltage waveform having a period of 360° . In accordance 
5 with the output voltages of the MR sensors 13e, 13g, 13f and 13h, 
the rotational angles of the input shaft 5 and the output shaft 
8 can be detected. 

When the steering torque has been applied on the steering 
wheel 1 and the input shaft 5 and the output shaft 8 have been 

10 rotated such that the torsion bar 6 is twisted, the output voltages 
of the MR sensors 13e and 13g, 13f and 13h generate the difference 
in the voltage corresponding to the torsional angle. The output 
voltages of the MR sensors 13e and 13g, 13f and 13h are inputted 
to a signal processing unit (not shown) through corresponding output 

15 cables. Similarly to the signal processing unit 35 according to 
the twenty- third embodiment, the signal processing unit calculates 
the difference in the voltage so as to obtain the torsional angle 
so that a signal corresponding to the steering torque is outputted. 
Moreover, when disconnection occurred in any one of the MR sensors 

20 13e, 13g, 13f and 13h, the signal processing unit 35 calculates 
as much as possible the voltage difference with use of the MR sensors 
in which disconnection does not occur to detect the torsional angle 
and output signal corresponding to the steering torque. 

25 (Twenty-Fifth Embodiment) 
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FIG. 63 is a schematic view showing the constructions of 
a rotational angle detecting device and a torque detecting device 
according to the present inventionandappliedtoa steering apparatus 
for an automobile. As shown in FIG. 63, an input shaft (a first 
5 shaft) 21a having an upper end connected to a steering wheel 1 
and an output shaft (a second shaft) 21b having a lower end connected 
to a pinion gear 3 of a steering mechanism are coaxial ly connected 
to each other through a torsion bar 6 having a small diameter. 
Thus, a steering shaft 21 for connecting the steering wheel 1 and 

10 the steering mechanism is constructed. The rotational angle 

detecting device and the torque detecting device according to the 
present invention are constructions adjacent to a portion in which 
the input shaft 21a and the output shaft 21b are connected to each 
other. The constructions will now be described. 

15 A disc-shape target plate 25 is coaxially fitted and secured 

to the input shaft 21a at a position adjacent to the portion for 
connecting the output shaft 21b. A plurality of targets (10 in 
figure) 250 are parallelly provided on the circumferential surface 
of the target plate 25 by same intervals . The targets 250 , as shown 

20 in figure, are protrusions each of which is made of magnetic material 
and which are inclined with respect to the axial direction of the 
input shaft21atowhichthetargetplate25hasbeenf itby substantially 
the same angles. 

A similar target plate 25 is fitted and secured to the output 

25 shaft 21b at a position adjacent to the portion in which the output 
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shaft 21b and the input shaft 21a are connected to each other. 
Apluralityof targets 250 each of which is inclined by substantially 
the same angle with respect to the axial direction of the output 
shaft 21b to which the target plate 25 has been fitted are provided 
5 on the circumferential surface of the target plate 25 . The targets 
250 are accurately aligned to the targets 250 of the input shaft 
21a in the circumferential direction. 

Two sensor boxes 231 and 241 are disposed on the outside 
of the target plate 25 to, from different positions, face the outer 

10 ends of the targets 250 provided on the circumferential surface 
of the target plate 25. The sensor boxes 231 and 241 are secured 
and supported by a stationary portion, such as a housing which 
supports the input shaft 21a and the output shaft 21b. The sensor 
box 231 includes an MR sensor 23a disposed opposite to the targets 

15 250 for the input shaft 21a and an MR sensor 23b disposed opposite 
to the targets 250 for the output shaft 21b. The MR sensor 23a 
and the MR sensor 23b are accurately aligned in the circumferential 
direction. Similarly, the sensor box 241 includes an MR sensor 
24a disposed opposite to the targets 250 for the input shaft 21a 

20 and an MR sensor 24b disposed opposite to the targets 250 for the 
output shaft 2 lb. TheMRsensor24aandtheMRsensor24bareaccurately 
aligned in the circumferential direction. 

The MR sensors 23a, 23b, 24a and 24b are sensors, such as 
themagnetoresistance effect elements (MRelements) , havingelectric 

25 characteristics (the resistance) which are changed owing to an 
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action of a magnetic field. The output voltage of each sensor is 
changed according to change in the ambient magnetic field . Outputs 
of the MR sensors 23a, 23b, 24a and 24b are extracted to the outside 
of the sensor boxes 231 and 241 so as to be supplied to a signal 
5 processing unit 35 comprising a microprocessor. 

The MR sensors 23a , 23b, 24a and 24b are disposed opposite 
to the targets 2 50 whichare protrusions made of the magnet icmaterial . 
The targets 250 are provided on the circumferential surfaces of 
the input shaft 21a and output shaft 21b such that the targets 

10 250 are inclined by a predetermined angle with respect to the axial 
direction of each of the input shaft 21a and the output shaft 21b. 
When the input shaft 21a and the output shaft 21b have been rotated 
around the axis, the MR sensors 23a, 23b, 24a and 24b, therefore, 
outputted electric signals which are proportionally changed 

15 according to change in the rotational angle of each of the input 
shaft 21a and the output shaft 21b when the corresponding targets 
250 pass through the opposite positions. 

At this time, the output voltages of the MR sensors 23a and 
24a correspond to the rotational angle of the input shaft 21a on 

20 whichthecorrespondingtargets250areprovided. Theoutputvoltages 
of the MR sensors 23b and 24b correspond to the rotational angle 
of the output shaft 21b on which the corresponding targets 250 
are provided. Therefore, the rotational angle of the output shaft 
21b can be calculated from the output voltages of the MR sensors 

25 23a and 24a. The rotational angle of the output shaft 21b can be 
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calculated from the MR sensors 23a and 24a. 

The difference between the output voltage of the MR sensor 
23a and that from the MR sensor 23b or the difference between the 
output voltage of the MR sensor 24a and that of the MR sensor 24b 
5 correspond to the difference in the rotational angle (the relative 
change in the angle) between the input shaft 21a and the output 
shaft 2 lb. The relative change in the angle corresponds to a torsional 
angle generated in the torsion bar 6 for connecting the input shaft 
21a and the output shaft 21b to each other, the torsional angle 

10 being generated owing to the rotational torque applied on the input 
shaft 21a. Therefore, the rotational torque applied on the input 
shaft 21a can be calculated in accordance with the difference in 
the output voltage. 

In this embodiment, the targets 250 are provided for the 

15 input shaft (the first shaft) 21a and the output shaft (the second 
shaft) 21b connected to each other through the torsion bar 6, the 
torsional characteristic of which has been known. When a rotating 
shaft having the known torsional characteristic is an object which 
must be detected, a construction may, of course be, employed in 

20 which the targets 250 are directly provided on the positions apart 
from one another in the axial direction of the rotating shaft. 
Thus, the targets 250 are detected by the MR sensors (the magnetic 
sensors) . 

The rotational angle and the rotational torque are calculated 
25 by the signal processing unit 35 to which the output voltages of 
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theMR sensors 23a , 23b, 24aand24bare inputted. Since the procedures 
for the calculations have been described, the procedures are omitted 
f romdescription . To obtain accurate results from the calculations , 
the output characteristics of the MR sensors 23a and 24a for the 
5 input shaft 21a and the MR sensors 23b and 24b for the output shaft 
21b must be constant. Moreover, the same output voltages must be 
generated to correspond to passing of the targets 250 to which 
the MR sensors are correspond. 

FIG. 64 is graph showing a state of change in the output 

10 voltages of the MR sensors 23a and 24a for the input shaft 21a. 
The axis of abscissa of the graph stands for the rotational angle 
9 of the input shaft 21a which must be detected. A solid line in 
the graph indicate the output voltage of the MR sensor 23a, while 
a short dashed line indicates the output voltage of the MR sensor 

15 24a. In a case where the target plate 25 comprising the 10 targets 
250 provided on the circumferential surface thereof is employed, 
the output voltages of the MR sensors 23a and 24a are changed such 
that one period is a period in which the input shaft 21a is rotated 
by 36° (= 3 60°/ 10) . Thus, repetition of a region in which linear 

20 change occurs in a period in which each of the targets 250 and 
a region in which nonlinearly change occurs in a period in which 
the discontinuous portions between the adjacent targets 250 pass 
are performed. 

The reason why the two MR sensors 23a and 24a are provided 
25 for the input shaft 21a lies in that unreliable calculations must 
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be prevented in which uncertain output voltages obtained from the 
nonl inearly- changed regions are used . The posit ions of the MR sensors 
23a and 24a in the circumferential direction of the target plate 
25 are adjusted such that output voltages having the phases which 
5 are shifted by about a half period are generated . Thus , when either 
of the output voltages of the MR sensors 23a and 24a is present 
in the nonl inearly region, the other output voltage is present 
in the linear region. The two MR sensors 23a and 24a are switched 
under condition that, for example, each output voltage is changed 

10 to a level higher (or lower) than a predetermined threshold voltage . 
Moreover, ranges for use the output voltages of the MR sensors 
23a and 24a are set as illustrated. Thus, the rotational angle 
of the overall surface can be calculated by using the output voltage 
of the linearly- changed region. 

15 A state of change in the output voltage of each of the MR 

sensors 23a and 24a in the linearly- changed region varies according 
to the output characteristics of the MR sensors 23a and 24a. FIG. 
64 shows a case where the output characteristics of the MR sensors 
2 3 aand2 4 aareconsiderablydi f f erent f romeachother . Thedi f f erence 

20 in the output characteristic appears as the difference in the change 
rate of the output voltage in the linearly- changed region as 
illustrated. When the rotational angle from the start point of 
the range for use is commonly 9 0 , output voltage V A can be obtained 
when the MR sensor 23a is used. On the other hand, output voltage 

25 v A is obtained when the MR sensor 24a is used . The rotational angles 
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which are calculated inaccordance with the foregoing output voltages 
vary according to use of the MR sensor 23a or the MR sensor 24a. 

Moreover, the output characteristics of the MR sensors 23a 
and 24a are changed owing to an influence of the temperature . In 
5 addition, change with time occurs . Therefore, the rotational angle 
calculated in accordance with the output voltage of the same MR 
sensor (23a or 24a) involves an error caused from the ambient 
temperature and an error which occurs with time . An error in the 
operation caused from the difference in the output characteristic 

10 identically applies to the MR sensors 23b and 24b for the output 
shaft 2 lb . As describedabove , also the rotational torque calculated 
by using the difference in the voltage between the MR sensors 23a 
and 24a and the difference in the voltage between the MR sensor 
24a and the MR sensor 24b involves a similar error. 

15 FIG. 65 is a graph showing a state of change in the outpiut 

voltage of one MR sensor (for example, MR sensor 23a) . As described 
above, the output voltages of the MR sensor 23a is changed such 
that one period is a rotational angle corresponding to one target 
250. The 1 inearly- changedregionand thenonl inearly-changedregion 

20 are repeated. 

As described above , the MR sensor 23a is secured and supported 
by the s t at ionary portion. On the other hand, the targets 250 which 
mustbedetectedbytheMRsensor23aareprovidedonthecircumf erential 
surface of the input shaft 21a which is freely rotatively supported . 

25 When concentricity between the portion to which the MR sensor 23a 
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is secured and the input shaft 2 lacannot satisfactorily be maintained 
or if the input shaft 21a is staggered, the air gap between the 
MR sensor 23a and each of the targets 250 varies during the rotation. 

When the foregoing change in the air gap occurs, the output 
5 voltage of the MR sensor 23a is raised owing to approach of the 
target 250 in a case where the air gap is small . On the contrary, 
if the air gap is large, the output voltage is lowered owing to 
movement away from the target 250 . An alternate long and short 
dash line shown in FIG. 65 indicates a fluctuation component of 

10 the air gap . When the foregoing fluctuation component is included, 
the actual output voltage of the MR sensor 23a is brought to a 
state in which the fluctuation component is superimposed on the 
original periodical change as indicated with a solid line shown 
in FIG. 65. Thus, a state indicated with a short dashed line shown 

15 in FIG. 65 is realized. As a result, an output voltage obtainable 
when the rotational angle from the start point of the range for 
use is identically 0 O varies in each period corresponding to the 
target 250 as indicated with symbols V A ! and V A " shown in FIG. 65. 
The accuracy of each of the rotational angle and the rotational 

20 torque calculated in accordance with the foregoing output voltages 
deteriorates . 

Therefore, when the signal processing unit 35 directly uses 
the output voltages of the MR sensors 23a, 23b, 24a and 24b to 
calculate the rotational angle and the rotational torque, a result 
25 of the calculation includes an error caused from the difference 
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in the output characteristics of the MR sensors 23a, 23b, 24a and 
24b and an error caused from change in the air gap from the targets 
250. Therefore, the present invention is constructed to prevent 
occurrence of the foregoing error by causing the signal processing 
5 uni 1 3 5 toperf ormthe f ol lowinggaincorrec t ionandof f se t correct ion . 

FIG. 66 is a flow chart showing the contents of the gain 
and offset correction operations. The gain and offset correction 
operations are performed as interruption processing for each of 
the MR sensors 23a, 23b, 24a and 24b which are performed between 

10 thecalculatingoperationsfortherotationalangleandtherotational 
torque. In the following description, a correction procedure for 
each of the MR sensors 23a and 24a for detecting the input shaft 
21a will now be described. 

The signal processing unit 35 monitors the output voltages 

15 of the MR sensors 23a and 24a sequentially fetched so as to be 
used in the calculations of the rotational angle and the rotational 
torque. The signal processing unit 35 judges whether or not the 
input shaft 21a which must be detected has rotated by an amount 
corresponding to one target 250 (S701) . When a judgement is made 

20 that rotation for one target 250 has been performed, the signal 
processing unit 35 extracts the maximum value and the minimum 

value Vftmin of the output voltage V A of the MR sensor 23a and maximum 
value VAmax and the minimum value v^min of the output voltage v A of 
. the MR sensor 24a during the rotation (S702) . Then, the difference 

25 Vapp (= Vftmax ~ Vftndn) and Vap P (= Va^ - v^mm) between the maximum value 
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and the minimum value are calculated (S703) . 

Then, the signal processing unit 35 applies the obtained 
difference Vapp and Vap P to the following equations to calculate 
corrective gains K„ + i and kn+i for the MR sensors 23a and 24a (S704) . 

5 Kn+i = Ko x Vapp/Vappo (1) 

kn+l = ko X Vapp/Vappo (2) 

Wherein each of Vappo and Vappo is the differences (the reference 
difference) between the maximum output voltage and minimum output 
voltage obtainable during one rotation of the target 250 and each 

10 of Kq and ko is a reference gain set for each reference difference. 

FIG. 67 is a graph showing the corrective gain calculated 
as described above. In FIG. 67, change in the output voltage of 
the MR sensor 23a is shown. A solid line shown in FIG. 67 indicates 
an actual output voltage of the MR sensor 23a. As described above, 

15 a state is realized in which linear change and nonlinear change 
occur in the difference Vapp between the maximum value VAmax and the 
minimum value VAmin such that a rotational angle corresponding to 
one target 250 is one period. 

A short dashed line shown in FIG. 67 indicates a reference 

20 characteristic set for the MR sensor 23a. The foregoing 

characteristic is set such that linear change and nonlinear change 
occur in the reference difference Vappo in one period . The reference 
gain Ko represents a change rate (an inclination) in the 
linearly- changedregionof thereferencecharacteristic . Therefore, 

25 a value obtained by multiplying the actual output voltage V A obtained 
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from the output characteristic indicated with the solid line at 
a proper rotational angle with the corrective gain Kn+i obtained 
in accordance with equation (1) becomes output voltage V of the 
reference characteristic at the same rotational angle . Similarly, 
5 a value obtained by multiplying the output voltage V A of the MR 
sensor 24a with the corrective gain k n+i obtained in accordance with 
equation (2) becomes output voltage vof the reference characteristic 
set for the MR sensor 24a. 

In the calculations of the rotational angle performed by 

10 the signal processing unit 35, the output voltages V A and v A of 
the MR sensors 23a and 24a are not used as it is. In this case, 
results obtained by multiplying the output voltages V A and v A with 
the corrective gains Kn+i and k n+ i obtained in accordance with the 
equations (1) and (2) are used. Thus, the rotational angle can 

15 be calculated in accordance with the reference characteristic. 
Therefore, the influences of the difference in the output 
characteristics of the MR sensors 23a and 24a and change in the 
output characteristics can be eliminated when the rotational angle 
of the input shaft 21a which must be detected can accurately be 

20 calculated. Also the output voltages V B and v B of the MR sensors 
23b and 24b arranged to detect the output shaft 21b are similarly 
sub j ec t ed to the gain correct ion . Thus , the accuracy of cal culat ions 
for the rotational torque, which is performed similarly, can be 
improved . 

25 Subscripts (n + 1) provided for the corrective gains Kn +1 
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and kn+i indicate application to the output voltages V A and v A obtained 
during passing of the target 250 at a next time (n + 1 th time) 
to the present (nth time) . The signal processing unit 35 calculates 
the corrective gain for use during passing of a next target 250 
5 whenever each target 250 passes. 

As an alternative to the arrangement that the difference 
Vapp and v^pp between the maximum value and the minimum value as shown 
in the equations (1) and (2) are used to calculate the corrective 
gains K^ +1 and kn+i, the maximum value VAmax and or the minimum 

10 value Vftmin and Va^-m may be used as it is. In the foregoing case, 
the maximum value and the minimum value include error components 
owing to an influence of the air gap which is changed between the 
MR sensors 23a and 24a and the targets 250 during the rotation 
of the input shaft 2 la. Therefore, itispref erablethatthedif f erence 

15 Vapp and Vapp are used to calculate the corrective gain Kn + i and kn +1 . 

As described above, the corrective gains Kn +1 and k^ +1 are 
calculated. Then, thesigrialprocessingunit35calculatesanaverage 
value VAmid (= (VAmax + VAmin) /2) of the output voltages of the MR sensor 
23a and an average value VAmid (= (vAmax + VAmin) /2 ) of the output voltages 

20 of the MR sensor 24a (S705) . Then, the obtained average values 
are applied to the following equations to calculate offset amounts 
C n+ i and c n+ i of each of the MR sensors 23a and 24a (S706) . 

C n+ i = VAmid — VAmidO (3) 
C n +1 = VAmid — VAmidO ( 4 ) 

25 Where VAmido and VAmido are average values between the maximum 
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output and the minimum output of the MR sensors 23a and 24a which 
can be obtained during one rotation of the target 250 in a preferred 
state of use realized by omitting change factor of the air gap, 
such as runout with respect to the target 250 and staggering of 
the input shaft 21a. 

FIG. 68 is a graph showing the calculated offset amounts. 
In FIG. 68, a state of change in the output voltage of the MR sensor 
23a is shown. The output voltage of the MR sensor 23a is changed 
such that linear and nonlinear change occur between the maximum 
value VAmax and the minimum value V^nm in each period in which rotation 
corresponding to one target 250 is performed. As described above, 
the output voltage sometimes includes an error component caused 
from change in the air gap between the MR sensor 23a and each of 
the targets 250. 

A solid line shown in the graph indicates a state of change 
in an actual output voltage including the foregoing error component . 
As indicated with an alternate long and short dash line, the output 
voltage has a medium point which is changed at a moderate period 
to correspond to the change in the air gap. The foregoing value 
Vftmid (= Vftmax + Vpadn) /2 ) is a voltage level of the foregoing medium 
point in the rotational angle corresponding to one target 250. 
Note that C n +i calculated in accordance with the equation (3) is 
an offset amount from the preferred medium point indicated with 
a thin line shown in the drawing, that is, a preferred medium point 
obtained by omitting the influence of the change in the air gap. 
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Therefore, the foregoing offset amount C n+ i is added to the actual 
output volt age V A of theMRsensor23asothat the fluctuation component 
of the airgap included inthe output voltage V A isomitted. Similarly, 
the offset amount c n +i obtainable from the equation (4) is added 
5 to the output voltage v A of the MR sensor 24a so that the fluctuation 
component of the air gap in the output voltage v A is omitted. 

When the signal processing unit 35 calculate the rotational 
angle, the actual output voltages V A and v A of the MR sensors 23a 
and 24a are not used as it is. In this case, results obtained by 

10 adding the offset amounts C n +i and c n +i obtained in accordance with 
the equations (3) and (4) are used. Thus, the influence of the 
change in the output caused from the change in the air gap can 
be eliminated, so that the rotational angle of the input shaft 
21a which must be detected is accurately calculated. Note that 

15 similar offset corrections are performed for the output voltages 
V B and v B of the MR sensors 23b and 24b used to detect the output 
shaft 21b. Thus, the accuracy of the calculation of the rotational 
torque which is performed similarly can be improved. 

Similarly to the corrective gains Kn+i and kn+i, subscripts 

20 (n+1) provided for the of f set amount sC n+ i and c n+ i indicate application 
to the output voltages V A and v A obtained during passing of the 
target 250 at a next time (n + 1 th time) to the present time (n 
th time) . The signal processing unit 35 calculates the offset amount 
for use during passing of a next target 250 whenever each target 

25 250 passes. 
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As an alternative to the arrangement that the average values 
VAmid and v^mid of the maximum value and the minimum value are not 
used as shown in the equations (3) and (4) . As an alternative to 
this, the maximum value Vp^^x and v^^ or the minimum values Vamin 
5 and v^min may be used as it is to perform the calculations . In the 
foregoing case, the maximum value and the minimum value include 
error components owing to an influence of the change in the output 
characteristics of the MR sensors 23a and 24a. Therefore, it is 
preferable that the offset amounts C n+ i and c n+ i are calculated by 
10 using the average values V^nda and v^ndd- 

The signal processing unit 35 repeats the operations in steps 
S701 to S706 until all of the targets 250 provided on the surface 
of the input shaft 21a pass, that is, the input shaft 21a rotates 
one time (S707) . When a judgement is made that one rotation has 

15 been completed, cumulative values (SV^max/ SVamin/ ^Pn&x and Evftmin) 
of the maximum value and the minimum value of the output voltages 
of the MR sensors 23a and 24a extracted during the rotation are 
calculated (S708) . Then, average gains Km and km during one rotation 
are calculated in accordance with the following equations (S709) . 

20 Theforegoingcalculationisrepeateduntilapredeterminedoperation 
interruption conditions, such as shutdown of power supply, is 
satisfied. 

Km = Kq x (Vamax - V^) / (Z x Vappo) (5) 

km = ko X (Vamax " ^Pjrdxx) / (Z X Vappq) (6) 

25 Where Z is the number of the targets 250 parallelly provided 
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on the surface of the input shaft 21a. 

The calculated average gains Km and km are average gains in 
the present atmosphere for the detection. The foregoing values 
are used as reference gains when the corrective gains are calculated . 

In the foregoing embodiment, the construction has been 
described in which the present invention is applied to the steering 
shaft 21 for connecting the steering wheel land the steeringmechanism 
of the steering apparatus for an automobile . As a matter of course, 
the rotational angle detecting device and the torque detecting 
device according to the present invention can widely be used in 
the purposes for detecting the rotational angle and the rotational 
torque of a rotating shaft which rotates around an axis. 

(Twenty- Sixth Embodiment) 

FIG. 69 is a schematic view showing the constructions of 
a rotational angle and a torque detecting device according to the 
present inventionandappliedtoasteeringapparatusf oranautomobile . 
As shown in FIG. 69, an input shaft (a first shaft) 21a having 
an upper end connected to a steering wheel 1 and an output shaft 

(a second shaft) 21b having a lower end connected to a pinion gear 
3 of a steering mechanism are coaxially connected to each other 
through a torsion bar 6 having a small diameter. Thus, a steering 
shaft 2 1 for connect ing the steeringwheel 1 and the steeringmechanism 
is constructed . The rotational angledetectingdeviceandthe torque 
detecting device according to the present invention are constructed 
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adjacent to a portion in which the input shaft 21a and the output 
shaft 21b are connected to each other. The constructions will now 
be described. 

A disc- shape target plate 25 is coaxially fitted and secured 
5 to the input shaft 21a at a position adjacent to the portion for 
connecting the output shaft 21b. A plurality of targets 250 (10 
in figure) are parallelly provided on the circumferential surface 
of the target plate 25 by same intervals. The targets 250 are 
protrusions each of which is made of magnetic material and which 

10 are inclined with respect to the axial direction of the input shaft 
21a to which the target plate 25 has been fit by substantially 
the same angles . 

A similar target plate 25 is fitted and secured to the output 
shaft 21b at a position adjacent to the portion in which the output 

15 shaft 21b and the input shaft 21a are connected to each other. 
Apluralityof targets 250 each of which is inclined by substantially 
the same angle with respect to the axial direction of the output 
shaft 21b to which the target plate 25 has been fitted are provided 
on the circumferential surface of the target plate 25 . The targets 

20 250 are aligned to the targets 250 of the input shaft 21a in the 
circumferential direction. 

Two sensor boxes 231 and 241 are disposed on the outside 
of the target plate 25 to, from different positions, face the outer 
ends of the targets 250 provided on the circumferential surface 

25 of the target plate 25. The sensor boxes 231 and 241 are secured 



*UB iLJi _iL. 220 _U_ j£2> m lUB ICS ^ S IU» flSL 



232 

and supported by a stationary portion, such as a housing which 
supports the input shaft 21a and the output shaft 21b. 

The sensor box 231 includes anMR sensor 23a disposed opposite 
to the targets 250 for the input shaft 21a and an MR sensor 23b 
5 disposed opposite to the targets 250 for the output shaft 21b. 
The MR sensor 23a and the MR sensor 23b are accurately aligned 
in the circumferential direction. Similarly , the sensor box 241 
includes an MR sensor 24a disposed opposite to the targets 250 
for the input shaft 21a and an MR sensor 24b disposed opposite 
10 to the targets 250 for the output shaft 21b. The MR sensor 24a 
and the MR sensor 24b are accurately aligned in the circumferential 
direction. 

The MR sensors 23a, 23b, 24a and 24b are sensors, such as 
themagnetoresistanceef feet elements (MRelements) , havingelectric 

15 characteristics (the resistance) which are changed owing to an 
action of a magnetic field. The output voltages V A , V B , v A and v B 
of each sensor are extracted to the outside of the sensor boxes 
231 and 241 so as to be supplied to a signal processing unit 35 
comprising a microprocessor. 

20 FIG. 70 is a graph showing an example of change in the output 

voltages of the MR sensors 23a, 23b, 24aand24b. The axis of abscissa 
of the graph stands for the rotational angle of the input shaft 
21a or the output shaft 21b. A solid line in the graph indicates 
the output voltages of the MR sensors 23a and 24a for the input 

25 shaft 21a. A short dashed line indicates the output voltages of 
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the MR sensors 23b and 24b for the output shaft 21b. 

As described above, the MR sensors 23a, 23b, 24a and 24b 
are disposed opposite to the targets 250 which are provided on 
the circumferential surfaces of the input shaft 21a and output 
5 shaft 21b to make a predetermined angle of inclination and each 
of which is made of magnetic material . The length of each of the 
targets 250 is finite in the circumferential direction of the input 
shaft 21a or the output shaft 21b. Thus, a discontinuous portion 
is present among the targets 250. Therefore, when the input shaft 

10 21a and output shaft 21b have been rotated around the axis, the 
MR sensors 23a, 23b, 24a and 24b output voltage signals which are 
linearly changed to correspond to change in the rotational angle 
of the input shaft 21a or the output shaft 21b during passing of 
the corresponding targets 250. When the discontinuous portion 

15 between the adjacent targets 250 passes, voltage signals which 
are nonl inearly changed to correspond to the change in the rotational 
angle are output ted. 

As a result, the output voltages of the MR sensors 23a, 23b, 
24a and 24b are, as shown in FIG . 70, the region (the linearly- changed 

20 region) in which the linear change occurs and the region 

(nonl inearly- changed region) are repeated during passing of each 
of the targets 250. The period of the repetition corresponding 
to the number of the targets 250 provided on the circumferential 
surface of the target plate 25. In a case where 10 targets 250 

25 are provided on the circumferential surface of the target plate 



-0- U^Ji iEiJ ^a.. iOj m ICS .S3 JL-S BS: 



234 

25, the foregoing repetition occurs such that a period of time 
in which the input shaft 21a or the output shaft 21b is rotated 
by 36° (= 360°/l0) . 

Then, attention is paid to change in the output of the MR 
5 sensor 23a for the input shaft 21a and change in the output of 
the MR sensor 23b for the output shaft 21b, the MR sensor 23b being 
disposedtoaligntotheMRsensor23ainthecircumferentialdirection. 
In the foregoing case, the foregoing changes occurs such that 
predetermined shift of the phase takes place as illustrated. The 

10 amount of the shift corresponds to the difference (a relative 
displacement of the angle) in the rotational angle between the 
input shaft 21a and the output shaft 21b . The relative displacement 
of the angle corresponds to the torsional angle generated in the 
torsion bar 6 for connecting the input shaft 21a and the output 

15 shaft 21b under the action of the rotational torque applied on 
the input shaft 21a. Therefore, the rotational torque applied on 
the input shaft 21acan be calculated inaccordancewiththe difference 
Av (= V A - V B ) between the output voltage V A of the MR sensor 23a 
and the output voltage V B of the MR sensor 23b. 

20 Also similar shift of the phase occurs between the output 

of the MR sensor 24a for the input shaft 21a and the output of 
the MR sensor 24b for the output shaft 21b.. In accordance with 
the output difference Av (= v A - v B ) generated between the MR sensor 
24a and the MR sensor 24b, the above-mentioned rotational torque 

25 can be calculated. 
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In the illustrated embodiment, the construction has been 
described in which the targets 250 are provided for the input shaft 
(the first shaft) 21a and the output shaft (the second shaft) 21b 
connected to each other through the torsion bar 6 having the known 
5 torsional characteristic. When a rotating shaft having a known 
torsional characteristic is detected, a construct ion may be employed 
in which the targets 250 are directly disposed apart from one another 
intheaxialdirectionof therotatingshaf t . Moreover, therotational 
torque is calculated in accordance with the difference in the output 
10 of the MR sensors (the magnetic sensors) disposed opposite to the 
targets 250. 

The rotational torque is calculated isperf ormedby the signal 
processing unit 35 to which the output voltages of the MR sensors 
23a, 23b, 24a and 24b are inputted. Since the procedure for the 
15 calculation has been described, the procedure is omitted from 
description. 

The reason why the two MR sensors 23a and 24a and the two 
MR sensors 23b and 24b are parallelly disposed on the outside of 
the targets 250 of the input shaft 21a and the output shaft 21b 

20 will now be described. An uncertain output obtainable in the 
nonlinearly- changed region shown in FIG. 70 must be omitted when 
the calculation of the rotational torque is performed. The two 
MR sensor 23a and 23b in the sensor box 231 and the two MR sensor 
24a and 24b in the other sensor box 241 are disposed opposite to 

25 each other such that the phases are shifted by a half period in 
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the circumferential direction of each target plate 25. As shown 
in FIG. 70, when either pair of the outputs is in the nonlinear 
region, the other pair of the outputs is in the linearly- changed 
region . 

5 Thesignalprocessingunit35selectseitherof theset including 

the MR sensors 23a and 23b or the set including the MR sensors 
24a and 24b which is present in the linearly- changed region. In 
accordance with the difference in the output of the selected set, 
the rotational torque is calculated. The torque detecting device 

10 is characterized by the selecting operation. 

FIG. 71 is a flow chart showing the contents of the operation 
for selecting the MR sensors. The operation is performed as an 
interruption processing between the calculating operations for 
calculatingthe rotational torquewhichisperformedat predetermined 

15 sampling intervals. Initially, the signal processing unit 35 
calculates the difference AV in the output between the MR sensors 
23a and 23b and the difference Av in the output between the MR 
sensors 24a and 24b (S801) . 

Then, the sign of each of the calculated differences AV and 

20 Av in the output is detected (S802 and S803) . When the two signs 
are the same, that is, when both of the signs are positive or when 
both of the signs are negative, the operation proceeds to S804. 
When the signs are different from each other, the following operation 
is not performed. The operation proceeds to S809 to be described 

25 later. 
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In S804 , the signal processing unit 35 calculates the absolute 
value |AV| and |Av) of the difference AVand the difference Av calculated 
in S801. Then, a fact that the pair which is being selected is 
MR sensors 23a and 23b or MR sensors 24a and 24b is detected (S805) . 
5 When the MR sensors 23a and 23b are being selected, the operation 
proceeds to S806 . When the MR sensors 24a and 24b are being selected, 
the operation proceeds to S807. The difference obtained by 
subtracting the absolute value of the difference in the output 
of the non- select edMR sensor f romthe absolute value of the di f f erence 

10 in the output of the MR sensor which is being selected so as to 
make a comparison with a predetermined reference value 5. 

Whenaj udgement ismadethattheabsolutevalueof thedif f erence 
in the output of the MR sensor which is being selected is smaller 
than the absolute value of the difference in the output of the 

15 non-selected MR sensor by a reference value, the present selection 
of the MR sensor is changed (S808) . When a judgement is made that 
the absolute value is not smaller as described above, the present 
select ionof theMRsensorismaintained . Then, theoperationproceeds 
to S809. In S809, whether or not a predetermined operation 

20 interruptioncondition, suchasshutdownof powersupply, issatisf ied 
is judged. The operations in S801 to S808 are repeated until the 
operation interruption condition is satisfied. 

As a result of the foregoing operation, a judgement of the 
difference in the output of the MR sensor which is being selected 

25 and the sign of the difference in the output of the non-selected 
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MR sensor are performed (S802 and S803) . When the MR sensors have 
the same sign, the absolute value of the difference in the output 
of the MR sensor which is being selected and the absolute value 
of the difference in the output of the non-selected MR sensor are 
5 compared with each other (S806 and S807) . Only when a determination 
has been made that the former value is smaller than the latter 
valuebythepredetemninedquantity (the reference value5) , switching 
from the MR sensor which is being selected to the non- selected 
MR sensor is performed. 

10 The meaning of the foregoing operation will now be described 

with reference to FIG. 70 . In a case of FIG. 70 , when the rotational 
angle of the input shaft 21a is enlarged, the output voltages of 
the MR sensors 23a and 23b and those of the MR sensors 24a and 
24b are changed to the right-hand portion of the graph such that 

15 repetition between the linearly- changed region and the 

nonlinearly- changed region takes place. In the first region 
expressed as X lf the difference AV in the output between the MR 
sensors 23aand23binthe linearly- changed regionisusedtocalculate 
the rotational angle. 

20 In the latter half of the first region X lt the outputs of 

the MR sensors 23a and 23b encounters a phenomenon that the change 
rate is lowered as the distance to the nonlinearly- changed region 
is shortened. The output of the two MR sensors 23a and 23b are 
changed with the shift of the phase owing to the action of the 

25 rotational torque . Therefore , lowering of the change rate of either 
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MR sensor (the MR sensor 23a in a case shown in FIG. 70) occurs 
first. As a result, the difference AV in the output between the 
MR sensors 23a and 23b is reduced as the distance to the end of 
the first region X x is shortened. 
5 In the latter half of the first region Xi, also the outputs 

of the non- selected MR sensor 24a and the MR sensor 24b are included 
in the linearly- changed region. The linearly -changed region has 
a shift of the phase by a half period from the nonlinearly- changed 
region for the MR sensors 23a and 23b which are being selected. 

10 Therefore , the linearly- changed region includes a portion adj acent 
to the end of the first region Xi . Hence it follows that the voltage 
difference Av between the non-selected MR sensors 24a and 24b is 
not changed adjacent to the end of the first region Xi- 

At this time, switching from the MR sensors 23a and 23b which 

15 are being selected to the non-selected MR sensors 24a and 24b is 
performed as a result of a comparison of the magnitude of the absolute 
value of the difference in the output which is performed in S806 . 
In the following second region X 2 , the voltage difference Av between 
the MR sensors 24a and 24b continued from the linearly- changed 

20 region is used to calculate the rotational torque. 

A state of change in the outputs of the MR sensors 23a and 
23b in the second region X 2 after the foregoing switching has been 
performed will now be described. The second region X 2 is divided 
into a region Yi in front of a point at which the output curve of 

25 the MR sensor 23a which is first shifted to the nonlinearly- changed 
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region intersects the output curve of the MR sensor 23b; a region 
Y 2 in which the relationship of the magnitude of the outputs of 
the MR sensors 23a and 23b is inverted such that the output of 
the MR sensor 23b is larger than the output of the MR sensor 23a; 
5 and a region Y 3 in which the output curves of the MR sensors 23a 
and 23b again intersect each other and the relationship of the 
magnitude of the outputs of the MR sensors 23a and 23b are again 
inverted. 

In the region Y 1# the relationship of the magnitude of the 

10 absolute value of the difference in the output is maintained. The 
selection of the MR sensor 24a and the MR sensor 24b is maintained 
owing to a result of the comparison of the magnitude of the absolute 
value of the difference in the output which is performed in S807. 

In the region Y 2/ the change rate of the outputs of the MR 

15 sensors 23a and 23b in the nonlinearly-changed region is high. 
Therefore, voltage difference AV of the MR sensors 23a and 23b 
is large than the voltage difference Av of the MR sensor 24a and 
the MR sensor 24b which are being selected. When the comparison 
is performed in S807, there is apprehension that the operation 

20 proceeds to S808 so that the switching to the MR sensors 23a and 
23b in the nonlinearly-changed region is undesirably performed. 
However, the difference in the output between the MR sensor 24a 
and the MR sensor 24b which are being selected is positive in the 
region Y 2 . On the other hand, the difference in the output of the 

25 non-selected MR sensors 23a and 23b is negative. Therefore, the 
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operations in S804 to S808 are not performed because of a result 
of the judgement of the sign in S802 and S803 . Hence it follows 
that the selection of the MR sensor 24a and the MR sensor 24b is 
maintained. 

5 In the region Y 3/ the relationship of the magnitude of the 

outputs of the non- selected MR sensors 23a and 23b is again inverted. 
The comparison in S807 is performed. The outputs of the MR sensors 
23a and 23b is again shifted to the linearly- changed region in 
the region Y 3 . Therefore, the absolute value (AV| of the difference 

10 in the output between the non-selected MR sensors 23a and 23b is 
not considerably larger than the absolute value |Avj of the difference 
in the output of the MR sensor 24a and the MR sensor 24b which 
are being selected. As a result of the comparison performed in 
S807, the selection of the MR sensor 24a and the MR sensor 24b 

15 is maintained. 

The foregoing selection of the MR sensor 24a and the MR sensor 
24b is switched as the distance to the end of the second region 
X 2 is shortened and the output of the MR sensor 24a is about to 
shift to the nonlinearly- changed region. Then, the voltage 

20 difference AV between the MR sensors 23a and 23b is used to calculate 
the rotational torque. 

As described above, the change rates of the outputs of the 
MR sensors 23a and 23b and those of the MR sensor 24a and the MR 
sensor 24b are lowered before the selection is switched . Therefore , 

25 it is effective to directly obtain the change rate by differentiating 
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each output to perform similar switching when the change rate is 
lower than a predetermined level . 

The foregoing method, however, encounters a fact that the 
absolute value of the change rate is affected by the magnitude 
5 of the change rate in each linearly -changed region. Therefore, 
the change rate inthel inearly- changedregion is changed inaccordance 
with the magnitude of the rotational speed of the objective rotating 
shaft (the steering shaft 21) . When the foregoing change rate is 
used to calculate the rotational torque of the steering shaft 21 

10 having the rotational speed which is not constant, there is 

apprehension that the incorrect switching is performed . Therefore , 
it is preferable that the method of using the differentiated value 
to perform switching is employed as an auxiliary method for the 
foregoing selecting method only when the rotational speed of the 

15 steering shaft 21 satisfies a predetermined range. When the 

rotational torqueof ageneral rotating shaf twithwhichtherotational 
speed is not considerably changed is detected, the switching method 
using the differentiated value can mainly be employed. 

FIG. 72 is a graph showing an example of a state of change 

20 in the output voltages of the MR sensors 23a, 23b, 24a and 24b. 
A state is illustrated in which the output voltages of the MR sensors 
23a, 23b, 24a and 24b are changed owing to applying of the rotational 
torque, the direction of which is inverted to the direction in 
the case shown in FIG. 70. 

25 In the foregoing case , only the relationship of the magnitude 
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of the outputs of the MR sensors 23a and 23b and that of the MR 
sensors 24a and 24b are different. Therefore, similar selection 
of the MR sensors 23a and 23b or MR sensor 24a and the MR sensor 
24b is performed. FIG. 72 shows the first region X lt the second 
5 region X 2 and the third region X 3 similar to FIG. 70. In the first 
region X x and the third region X 3/ the MR sensors 23a and 23b are 
selected. Then, the voltage difference AV between the MR sensors 
23a and 23b is used to calculate the rotational torque. In the 
second region X 2 , the MR sensor 24a and the MR sensor 24b are selected 
10 to perform the rotational torque by using their voltage difference 
Av. 

The foregoing selecting operation is performed in accordance 
with a result of the comparison of the outputs of the MR sensors 
whicharebeingselectedandthenon-selectedMR sensors . Therefore, 

15 even if the output characteristic of each MR sensor is changed 
owing to an influence of the ambient temperature , MR sensors present 
inthelinearly-changedregioncancorrectlybeselected. Therefore, 
the signal processing unit 35 is able to correctly select the MR 
sensors present in the linearly- changed region at any moment of 

20 time during the calculation of the signal processing unit 35. A 
result of thedetectionisusedtoaccurately calculate the rotational 
torque. Hence it follows that control of the electric motor for 
assist ingsteeringandothercontrolscansatisfactorilybeperformed 
in accordance with a result of the calculations. 

25 Note that the foregoing embodiment has been described about 
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application to the purpose for detecting the rotational torque 
(the steering torque) of the steering shaft 21 for connecting the 
steering wheel 1 and the steering mechanism of a steering apparatus 
for an automobile. As a matter of course, the torque detecting 
5 device according to the present invention can widely been applied 
to the purpose for detecting the rotational torque of the rotating 
shaft . 

(Twenty- Seventh Embodiment) 

10 FIG. 73 is a schematic view showing the construction of the 

torque detecting device according to the present invention and 
applied to a steering apparatus for an automobile. As shown in 
FIG. 73, an input shaft (a first shaft) 21a having an upper end 
connected to a steering wheel 1 and an output shaft (a second shaft) 

15 21b having a lower end connected to a pinion gear 3 of a steering 
mechanism are coaxial ly connected to each other through a torsion 
bar 6 havinga smal 1 diameter . Thus , a steering shaft 2 1 for connect ing 
the steering wheel 1 and the steering mechanism is constructed. 
The rotational angle detecting device and the torque detecting 

20 device according to the present invent ion are cons true t ions ad j acent 
to a portion in which the input shaft 21a and the output shaft 
21b are connected to each other. The constructions will now be 
described . 

A disc-shape target plate 25 is coaxially fitted and secured 
25 to the input shaft 21a at a position adjacent to the portion for 
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connecting the output shaft 21b. A plurality of targets (10 in 
figure) 250 are parallelly provided on the circumferential surface 
of the target plate 25 by same intervals. The targets 250 are 
protrusions each of which is made of magnetic material and which 
5 are inclined with respect to the axial direction of the input shaft 
21a to which the target plate 25 has been fit by substantially 
the same angles . 

A similar target plate 25 is fitted and secured to the output 
shaft 21b at a position adjacent to the portion in which the output 

10 shaft 21b and the input shaft 21a are connected to each other. 
Apluralityof targets 250 each of whichis inclined by substantially 
the same angle with respect to the axial direction of the output 
shaft 21b to which the target plate 25 has been fitted are provided 
on the circumferential surface of the target plate 25 . The targets 

15 250 are aligned to the targets 250 of the input shaft 21a in the 
circumferential direction. 

Two sensor boxes 231 and 241 are disposed on the outside 
of the target plate 25 to, from different positions, face the outer 
ends of the targets 250 provided on the circumferential surface 

20 of the target plate 25. The sensor boxes 231 and 241 are secured 
and supported by a stationary portion, such as a housing which 
supports the input shaft 21a and the output shaft 21b. 

The sensor box 23 1 includes an MR sensor 23a disposed opposite 
to the targets 250 for the input shaft 21a and an MR sensor 23b 

25 disposed opposite to the targets 250 for the output shaft 21b. 



— fl- «-Ji £ZH m JL Z£V -JL U23j m fl— P IE£ KZ: li-J* ; g£: 



246 

The MR sensor 23a and the MR sensor 23b are accurately aligned 
in the circumferential direction. Similarly, the sensor box 241 
includes an MR sensor 24a disposed opposite to the targets 250 
for the input shaft 21a and an MR sensor 24b disposed opposite 
5 to the targets 250 for the output shaft 21b. The MR sensor 24a 
and the MR sensor 24b are accurately aligned in the circumferential 
direction. 

The MR sensors 23a, 23b, 24a and 24b are sensors, such as 
themagnetoresistanceef f ectelements (MRelements) , havingelectric 

10 characteristics (the resistance) which are changed owing to an 
action of a magnetic field. The output voltage of each sensor is 
changed according to change in the ambient magnetic field . Outputs 
of the MR sensors 23a, 23b, 24a and 24b are extracted to the outside 
of the sensor boxes 231 and 241 so as to be supplied to a signal 

15 processing unit 35 comprising a microprocessor. 

The MR sensors 23a, 23b, 24a and 24b are disposed opposite 
tothetargets250whichareprotrusionsmadeof the magnetic material . 
The targets 250 are provided on the circumferential surfaces of 
the input shaft 21a and output shaft 21b such that the targets 

20 250 are inclined by a predetermined angle with respect to the axial 
direction of each of the input shaft 21a and the output shaft 21b. 
When the input shaft 21a and the output shaft 21b have been rotated 
around the axis, the MR sensors 23a, 23b, 24a and 24b, therefore, 
output electric signals which are proportionally changed according 

25 to change in the rotational angle of each of the input shaft 21a 
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and the output shaft 21b when the corresponding targets 250 pass 
through the opposite positions. 

At this time, the output voltages of the MR sensors 23a and 
24a correspond to the rotational angle of the input shaft 21a for 
5 whichthecorrespondingtargets250areprovided . Theoutputvoltages 
of the MR sensors 23b and 24b correspond to the rotational angle 
of the output shaft 21b for which the corresponding targets 250 
are provided. Therefore, the rotational angle of the output shaft 
21b can be calculated from the output voltages of the MR sensors 

10 23a and 24a. The rotational angle of the output shaft 21b can be 
calculated from the MR sensors 23a and 24a. 

The difference between the output voltage of the MR sensor 
23a and that from the MR sensor 23b or the difference between the 
output voltage of the MR sensor 24a and that of the MR sensor 24b 

15 correspond to the difference in the rotational angle (the relative 
change in the angle) between the input shaft 21a and the output 
shaft 2 lb . The relative change in the angle corresponds to a torsional 
angle generated in the torsion bar 6 for connecting the input shaft 
21a and the output shaft 21b to each other, the torsional angle 

20 being generated owing to the rotational torque applied on the input 
shaft 21a. Therefore, the rotational torque applied on the input 
shaft 21a can be calculated in accordance with the difference in 
the output voltage. 

In this embodiment, the targets 250 are provided for the 

25 input shaft (the first shaft) 21a and the output shaft (the second 
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shaft) 21b connected to each other through the torsion bar 6, the 
torsional characteristic of which has been known. When a rotating 
shaft having the known torsional characteristic is an object which 
must be detected, a construction may, of course be, employed in 
5 which the targets 250 are directly provided for the positions apart 
from one another in the axial direction of the rotating shaft. 
Thus, the targets 250 are detected by the MR sensors (the magnetic 
sensors) . 

The rotational torque is calculated by the signal processing 

10 unit 35 to which the output voltages of the MR sensors 23a, 23b, 
24a and 24b are inputted . Since the procedures for the calculations 
have been described, the procedures are omitted from description. 
To obtain accurate results from the calculations, the output 
characteristics of the MR sensors 23a and 24a for the input shaft 

15 21a and the MR sensors 23b and 24b for the output shaft 21b must 
be constant. Moreover, the same output voltages must be generated 
to correspond to passing of the targets 250 to which the MR sensors 
are correspond. 

FIG. 74 is graph showing a state of change in the output 

20 voltages of the MR sensors 23a and 24a for the input shaft 21a. 
The axis of abscissa of the graph stands for the rotational angle 
of the input shaft 21a which must be detected. A solid line in 
the graph indicate the output voltage of the MR sensor 23a, while 
a short dashed line indicates the output voltage of the MR sensor 

25 24a. In a case where the target plate 25 comprising the 10 targets 
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250 provided on the circumferential thereof is employed, the output 
voltages of the MR sensors 23a and 23b are changed such that one 
period is a period in which the input shaft 21a is rotated by 36° 
(= 360°/l0) . Thus, repetition of a region in which linear change 
5 occurs in a period in which each of the targets 250 and a region 
in which nonlinear ly change occurs in a period in which the 
discontinuous portions between the adjacent targets 250 pass are 
performed . 

The reason why the two MR sensors 23a and 24a, 23b and 24b 

10 are provided for the input shaft 21a and the output shaft 21b lies 
in that unreliable calculations must be prevented in which uncertain 
output voltages obtained from the nonlinearly- changed regions are 
used. The posit ions of theMRsensors23aand24ainthecircumf erential 
direction of the target plate 25 are adjusted such that output 

15 voltages having the phases which are shifted by about a half period 
are generated. Thus, when either of the output voltages is present 
in the nonlinearly region, the other output voltage is present 
in the linear region. Therefore, switching between MR sensor 23a 
and 24a, or between MR sensor 23b and 24b is performs under condition 

20 that, for example, each output voltage is changed to a level higher 
(or lower) thanapredeterminedthresholdvoltage . Moreover, ranges 
for use the output voltages of the MR sensors 23a and 24a are set 
as illustrated. Thus, the rotational torque of the overall surface 
can be calculated by using the output voltage of the linearly- changed 

25 region. 
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In FIG. 74, when a state of change in the output voltage 
is compared between the MR sensor 23a and the MR sensor 23b, the 
output voltages are difference from each other in the angle of 
inclination in the linearly- changed region. Moreover, the medium 
5 point voltages of the change width indicated with an alternate 
long and short dash line are different from each other. Since the 
output voltages are different from each other, the output voltages 
of the MR sensors 23a and 23b are made to be V A and V B when the 
rotational angle indicated with symbol 0 O is the same . The accuracy 

10 of the rotational angles of the input shaft 21a and the output 
shaft 21b calculated by using the foregoing output voltages and 
that of the rotational torque calculated in accordance with the 
difference in the rotational angle deteriorate. In FIG. 74, the 
difference in the output voltage between the MR sensors 23a and 

15 23b are highlighted for the convenience of description. 

Thedif ference intheinclinationiscausedf romthedif ference 
in the output characteristics of the MR sensors 23a and 23b. The 
output characteristics are changed owing to the ambient temperature . 
In addition, change with time occurs . The difference in the medium 

20 point voltage is caused from the difference in the air gap between 
each of the MR sensors 23a and 23b and the targets 250 opposite 
to the MR sensors 23a and 23b. To eliminate the difference in the 
output voltage caused as shown in FIG. 74, the MR sensors 23a and 
23bmust have identical characteristics and the accuracy of mounting 

25 the MR sensors 23a and 23b must be improved as much as possible. 
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The foregoing requirements cannot easily Simultaneously, be 
satisfied 

In the present invention, the signal processing unit 35 
calculates the rotational torque such that output voltages of the 
5 MR sensors 23a and 23b (or MR sensor 24a and the MR sensor 24b) 
are not used as it is. Results of multiplication of the output 
voltages with corrective gain set as follows so as to eliminate 
an error in the calculation of the torque caused from the difference 
in the output voltages of the MR sensors 23a and 23b (or MR sensor 

10 24a and the MR sensor 24b) . 

FIG. 75 is a flow chart showing the contents of the process 
for setting the corrective gain. The operation for setting the 
corrective gain is performed as an interruption processing which 
is performed between calculations of the rotational torque which 

15 is performed at predetermined sampling intervals for each of the 
MR sensors 23a, 23b, 24a and 24b. The following description is 
performed about the MR sensors 23a and 23b opposite to the targets 
250 of the input shaft 21a and the output shaft 21b at the aligning 
positions in the circumferential direction. 

20 The signal processing unit 35 monitors the output voltages 

of the MR sensors 23a and 23b sequentially fetched so as to be 
used in the calculations of the rotational angle and the rotational 
torque. The signal processing unit 35 waits for a moment of time 
at which each of the input shaft 21a and the output shaft 21b has 

25 rotated by an angular degree corresponding to one target 250 (S901 ) . 
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When a judgement is made that rotation corresponding to one target 
250 has been completed, the signal processing unit 35 obtains output 
voltages Vai and of the MR sensor 23a and output voltages V B i 
and V B2 of the MR sensor 23b at the two ends of a predetermined 
5 rotational angle range AG (S902) . 

FIG. 76 is a graph showing the operation for setting the 
corrective gain . Similarly to FIG . 74 , change in the output voltage 
of each of the MR sensors 23a and 23b in a period in which one 
target 250 passes, that is, change in the output voltages in one 

10 period is indicated with a solid line . Moreover, the output voltage 
of the MR sensor 23b is indicated with a short dashed line. In 
S901, a reference to the output voltages of the MR sensors 23a 
and 23b in one period shown in FIG. 76 is made. In S902, voltages 
Vai and Va2 and voltages V B i and Vb2 at the two ends of the rotational 

15 angle range AG are obtained. Note that AG may arbitrarily be set 
in an angular range which is included in the linearly- changed region. 

Then, the signal processing unit 35 applies the voltages 
Vai and and voltages V B i and V B2 at the two ends to the following 
equations to calculate sensor gains Ka and Kb (S903) . 

20 Ka = (Vai " V^) /AG (11) 

Ke = (Vbi ~ V B2 )/AG (12) 

The sensor gains Ka and Kb calculated from the above-mentioned 
equations represent the change rates (inclinations) of the output 
voltages in the linearly- changed regions of the MR sensors 23a 
25 and 23b as can be understood from FIG. 76. 
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Then, the voltages Vai and and voltages and Vq2 at the 
two ends are applied to the following equations to calculate average 
sensor gain Km of the two MR sensors 23a and 23b (S904) : 

Kn= { (Va! - V A2 )/2 - (V B1 - V B2 )/2}/A9 
5 = { (Va! - V^) - (V B1 - V B2 ) }/2A0 (13) 

The average sensor gain Km calculated from the foregoing 
equation represents the change rate of the average value of the 
output voltages of the MR sensors 23a and 23b in the linearly- changed 
region, that is, the inclination of the straight line indicated 
10 with an alternate long and short dash line shown in FIG. 76. 

Finally, the signal processing unit 35 applies the sensor 
gains Ka and Kb calculated in S903 and the average sensor gain Km 
calculated inS904 to the f ollowing equations to calculate corrective 
gains Ka 0 and Ke 0 with which the actual outputs for the MR sensors 
15 23a and 23b are multiplied (S905) . 

Kaq = Km / Ka (14) 

Kbo = Kn / Kb (15) 

The corrective gain Kao and Kbo calculated from the foregoing 
equations are corrective values to make the peculiar sensor gains 
20 Ka and Kb of the MR sensors 23a and 23b to coincide with the average 
sensor gain Km- Results of multiplying the actual output voltages 
of the MR sensors 23a and 23b with the sensor gains Ka 0 and Kbo are 
indicated with points on the average characteristics indicated 
with an alternate long and short dash line shown in FIG. 76. Thus, 
25 the error components included in the output voltages of the MR 
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sensors 23a and 23b caused from the difference in the output 
characteristics and the difference in the air gap from the 
corresponding targets 250 can be eliminated. 

The calculation of the rotational torque which is performed 
5 by the signal processing unit 35 is performed such that the actual 
output voltages V A and V B of the MR sensors 23a and 23b are not 
usedasitis . Asanalternativetothis, valuesobtainedbymultiplying 
the foregoing actual output voltages with the corrective gains 
Kaq and Kb 0 calculated in the equations (14) and (15) are employed. 

10 Thus, accurate results of calculations of the rotational torque 
from which the error components have been omitted can be obtained. 
Note that the calculated corrective gains Ka 0 and Kb 0 are applied 
to the output voltages V A and V B obtained during a next (n + 1 th) 
passing of the targets 250 following the present (n the) passing. 

15 The signal processing unit 35 repeats the operations in S901 

to S905 until a predetermined operation interruption condition, 
such as shutdown of electric power, is satisfied (S906) . Thus, 
the rotational torque can accurately be calculated at any moment 
of time during the calculation. Thus, a variety of controls, such 

20 as control of the electric motor for assisting steering, can 
satisfactorily be performed. 

Although the foregoing embodiment has been described about 
the application to the purpose for detecting the rotational torque 
(the steering torque) of the steering shaft for connecting the 

25 steering wheel 1 and the steering mechanismof the steering apparatus 
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for an automobile, the torque detecting device according to the 
present invention may, of course, widely be applied to the purpose 
for detecting the rotational torque of a rotating shaft. 



5 (Twenty-Eighth Embodiment) 

FIG. 77 is a schematic view showing the construction of a 
rotational angle detecting device and a torque detecting device 
(hereinafter called an "device of the present invention" ) according 
to the present invention and applied to the steering apparatus 

10 for an automobile. As shown in FIG. 77, an input shaft (a first 
shaft) 21a having an upper end connected to a steering wheel 1 
and an output shaft (a second shaft) 21b having a lower end connected 
to a pinion gear 3 of a steering mechanism are coaxially connected 
to each other through a torsion bar 6 having a small diameter. 

15 Thus, a steering shaft 21 for connecting the steering wheel 1 and 
the steering mechanism is constructed. The rotational angle 
detecting device and the torque detecting device according to the 
present invention are constructed adjacent to a portion in which 
the input shaft 21a and the output shaft 21b are connected to each 

20 other. The constructions will now be described. 

A disc-shape target plate 25 is coaxially fitted and secured 
to the input shaft 21a at a position adjacent to the portion for 
connecting the output shaft 21b. Apluralityof targets (8 in figure) 
250 are parallelly provided on the circumferential surface of the 

25 target plate 25 by same intervals. The targets 250 are inclined 
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with respect to the axial direction of the input shaft 21a to which 
the target plate 25 has been fit by substantially the same angles. 

A similar target plate 25 is fitted and secured to the output 
shaft 21b at a position adjacent to the portion in which the output 
5 shaft 21b and the input shaft 21a are connected to each other. 
Apluralityof targets 250 eachof which is inclined by substantially 
the same angle with respect to the axial direction of the output 
shaft 21b to which the target plate 25 has been fitted are provided 
on the circumferential surface of the target plate 25 . The targets 

10 250 are aligned to the targets 250 of the input shaft 21a in the 
circumferential direction. 

Two sensor boxes 231 and 241 are disposed on the outside 
of the target plate 25 to, from different positions, face the outer 
ends of the targets 250 provided on the circumferential surface 

15 of the target plate 25. The sensor boxes 231 and 241 are secured 
and supported by a stationary portion, such as a housing which 
supports the input shaft 21a and the output shaft 21b. 

The sensor box231 includes an MR sensor 23a disposed opposite 
to the targets 250 for the input shaft 21a and an MR sensor 23b 

20 disposed opposite to the targets 250 for the output shaft 21b. 
The MR sensor 23a and the MR sensor 23b are accurately aligned 
in the circumferential direction. Similarly, the sensor box 241 
includes an MR sensor 24a disposed opposite to the targets 250 
for the input shaft 21a and an MR sensor 24b disposed opposite 

25 to the targets 250 for the output shaft 21b. The MR sensor 24a 
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and the MR sensor 24b are accurately aligned in the circumferential 
direction. 

The MR sensors 23a, 23b, 24a and 24b are sensors, such as 
the magnetoresi stance ef f ectelements (MRelements) , havingelectric 
5 characteristics (the resistance) which are changed owing to an 
action of a magnetic field. The output voltages V A , V B/ v A and v B 
from each sensor are extracted to the outside of the sensor boxes 
231 and 241 so as to be supplied to a signal processing unit 35 
comprising a microprocessor. 

10 FIG. 78 is a graph showing an example of change in the output 

voltagesof the MR sensors 23a, 23b, 24aand24b. The axis of abscissa 
of the graph stands for the rotational angle of the input shaft 
21a or the output shaft 21b. A solid line in the graph indicates 
the output voltages of the MR sensors 23a and 24a for the input 

15 shaft 21a. A short dashed line indicates the output voltages of 
the MR sensors 23b and 24b for the output shaft 21b. 

As described above, the MR sensors 23a, 23b, 24a and 24b 
are disposed opposite to the targets 250 which are provided on 
the circumferential surfaces of the input shaft 21a and output 

20 shaft 21b to make a predetermined angle of inclination and each 
of which is made of magnetic material . The length of each of the 
targets 250 is finite in the circumferential direction of the input 
shaft 21a or the output shaft 21b. Thus, a discontinuous portion 
is present among the targets 250. Therefore, when the input shaft 

25 21a and output shaft 21b have been rotated around the axis, the 
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MR sensors 23a , 23b, 24a and 24b output voltage signals which are 
linearly changed to correspond to change in the rotational angle 
of the input shaft 21a or the output shaft 21b during passing of 
the corresponding targets 250 . When the discontinuous portion 
5 between the adjacent targets 250 passes, voltage signals which 
are nonlinear ly changed to correspond to the change in the rotational 
angle are outputted. 

As a result, the output voltages of the MR sensors 23a, 23b, 
24a and 24b are, as shown in FIG . 78, the region (the linearly- changed 

10 region) in which the linear change occurs during each target 250 
passes and the region (nonlinearly- changed region) in which the 
nonlinear change occurs during each discontinuous portion between 
each target 250 passes are repeated during passing of each of the 
targets 250. The period of the repetition corresponding to the 

15 number of the targets 250 provided on the circumferential surface 
of the target plate 25. In a case where 8 targets 250 are provided 
on the circumferential surface of the target plate 25, the foregoing 
repetition occurs such that a period of time in which the input 
shaft 21a or the output shaft 21b is rotated by 45° (= 360°/8) . 

20 The output voltages V A and v A of the MR sensors 23a and 24a 

correspond to the rotational angle of the input shaft 21a provided 
with the corresponding targets 250. The output voltages V B and 
v B of the MR sensors 23b and 24b correspond to the rotational angle 
of the output shaft 21b provided with the opposite targets 250. 

25 Therefore, therotationalangleof the input shaft 2 lacanbecalculated 
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in accordance with the output voltages V A and v A of the MR sensors 
23a and 24a. The rotational angle of the output shaft 21b can be 
calculated in accordance with the output voltages V B and v B of the 
MR sensors 23b and 24b. 
5 The voltage difference AV (=V A -V B ) between the output voltage 

V A of the MR sensor 23a and the output voltage V B of the MR sensor 
23b or the voltage difference Av (= v A - v B ) between the output 
voltage v A of the MR sensor 24a and the output voltage v B of the 
MR sensor 24b corresponds to the position deviation in the 

10 circumferential direction occurring between the targets 250 for 
the input shaft 21a and the targets 250 for the output shaft 21b. 
That is, the foregoing differences correspond to the difference 
in the rotational angle (the relative displacement of the angle) 
between the input shaft 21a and the output shaft 21b. The relative 

15 displacement of the angle corresponds to the amount of twisting 
amount generated in the torsion bar 6 for connecting the input 
shaft 21a and the output shaft 21b to each other when the rotational 
torque appliedonthe input shaft 2 la acts . Therefore , the rotational 
torque applied on the input shaft 2 la can be calculated in accordance 

20 with the calculated voltage difference AV or Av. 

The foregoing calculations of the rotational angle and the 
rotational torque are performed in the signal processing unit 35 
to which the output voltages of the MR sensors 23a, 23b, 24a and 
24bare inputted . The procedure of the foregoing calculatingprocess 

25 has been described. Therefore, the procedure is omitted from 
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description. 

The reason why two MR sensors 23a and 24a and two MR sensors 
23b and 24b are provided on the outside of the targets 250 for 
the input shaft 21a and the output shaft 21b will now be described. 
5 That is, incorrect calculation of the rotational torque using the 
uncertain output obtainable in the nonl inearly- changed region shown 
in FIG. 78 must be prevented. The two MR sensor 23a and 23b in 
the sensor box 231 and the two MR sensor 24a and 24b in the other 
sensor box 241 are disposed opposite to each other such that the 

10 phases are shifted by a half period in the circumferential direction 
of each target plate 25. As shown in FIG. 78, when either pair 
of the outputs is in the nonlinear region, the other pair of the 
outputs is in the linearly- changed region. The signal processing 
unit 35 selects either of the pair of the MR sensors 23a and 23b 

15 or the pair MR sensor 24a and the MR sensor 24b which is present 
in the linearly- changed region. The outputs and the difference 
in the output of the selected pair are used to calculate the rotational 
angle and the rotational torque. 

In this embodiment, the construction is arranged such that 

20 the targets 250 are provided for the input shaft (the first shaft) 
21a and the output shaft (the second shaft) 21b connected to each 
other through the torsion bar 6 . When a rotating shaft having a 
known torsional characteristic is detected, a construction may 
be enployed in which the targets 250 are directlydisposedat positions 

25 apart from each other in the axial direction of the rotating shaft . 
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Moreover, the rotational torque is calculated in accordance with 
the difference in the output of the MR sensors (the magnetic sensors) 
disposed opposite to the targets 250. 

Toaccuratelycalculatetherotationalangleandtherotational 
5 torque, change in the output in the linearly- changed region for 
use in the calculation stably occurs . To achieve this, the targets 
250 of the input shaft 21a opposite to the MR sensors 23a and 24a 
and the targets 250 for the output shaft 21b opposite to the MR 
sensors 23b and 24b must have high accuracy of the shape including 
10 the concentricity with respect to the two shafts 21a and 21b and 
accurate angle of inclination with respect to the axial direction 
of the two shafts 21a and 21b. 

In the device of the present invention, the targets 250 is, 
as shown in FIG. 77, integrally formed with the circumferential 
15 surface of the target plate 25 fitted and secured to the input 
shaft 21a and output shaft 21b and formed into the disc-like shape. 

FIG. 79 is a perspective view showing the shape of the target 
plate 25. FIG. 8 OA and FIG. 8 0B are diagram showing a procedure 
for manufacturing the target plate 25. As shown in FIG. 79, the 
20 target plate 25 is a disc -shape plate having a fitting hole 215 
in the axis thereof. The fitting hole 251 has an inner diameter 
corresponding to the outer diameter of the input shaft 21a or the 
output shaft 21b. The outer periphery of the target plate 25 is 
divided into a plurality of sections (8 in the illustrated case) 
25 in the circumferential direction such that each section has a 
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predetermined width in the inward portion of the outer end of the 
target plate 25. The target plate 25 is bent to cause each section 
to face the same direction. Thus, 8 targets 250 each having the 
above-mentioned shape are integrally formed. 



plate P having the fitting hole 251 at the axis thereof and formed 
intoanannularshapeisemployed. ThematerialplatePismanufactured 
by punching a thin plate made of magnetic material which may be 
alow-costmaterial, suchasSPCC (CarbonSteelsformachinestructural 
10 use of Japanese Industrial Standard (JIS) ) . The fitting hole 251 
is a through hole so as to be fitted to the input shaft 21a or 
the output shaft 21b from outside. The illustrated material plate 
P integrally comprises an edging boss portion 252 having a proper 
length. 

15 As shown in FIG. 80A, the target plate 25 is manufactured 

by steps of coaxially placing the material plate P between an upper 
mold 80 and a lower mold 90; approaching the upper mold 80 and 
the lower mold 90; sandwiching the material plate P between the 
molds 80 and 90; and applying a predetermined pressing load F in 

20 the vertical direction. 

As shown in FIG. 80A, eight tapered surfaces 90a each of 
which is inclined in the same direction with respect to the axial 
direction to make a predetermined angle are formed on the upper 
surface of the lower mold 90 . The tapered surfaces 90a are inwards 

25 formed from the outer end to have a predetermined width at the 



5 



When the foregoing target plate 2 5 ismanuf actured, amaterial 
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same intervals in the circumferential direction. Also the lower 
surface of the upper mold 80 has tapered surfaces 80a similar to 
thetaperedsur faces 90a . Thecircumf erent ial surf aceof thematerial 
plate P held between the molds 80 and 90 is bent along the tapered 
surfaces 80a and 90a owing to the applied pressing load F. Then, 
the material plate P is sheared along the joint portion between 
the outer ends of the tapered surfaces 80a and 90a. 

Therefore, the upper mold 80 and the lower mold 90 are separated 
from each other after the foregoing press-working process. Then, 
the molded product is removed. Thus, the bent portion formed along 
the tapered surfaces 80a and 90a is supplied from each other owing 
to the shearing process. Thus, as shown in FIG. 79, target plate 
25 can be manufactured which has the targets 250 formed integrally 
with the outer end. 

As shown in FIG. 8 OA and FIG. 8 0B, the upper mold 80 has 
a center through hole 81 capable of receiving the boss portion 
252 formed at the axis of the material plate P. The center hole 
81 receives the boss portion 252 projecting over the axis of the 
material plate P during the molding operation to prevent deviation 
of thepositionof thematerialplateP. Thebossportion252maintains 
the shape formed before the molding process such that collapse 
between the upper mold 80 and the lower mold 90 can be prevented. 
The thus -manufactured target plate 25 is fitted to the input shaft 
21a and the output shaft 21b from outside through the boss portion 
252 as shown in FIG. 77. Any one of mounting methods including 
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press-fitting, bonding or welding is employed to secure the target 
plate 25 in both of the circumferential direction and the axial 
direction, the target plate 25 being mounted coaxially with the 
two shafts 21a and 21b. 



above is formed by the pressingprocessperf ormedbetween the tapered 
surface 80a of the upper mold 80 and the tapered surface 90a of 
the lowermold 90 . Therefore, the targets 250 realizes high accuracy 
of the shape thereof including the angle of inclination with respect 

10 totheaxialdirectionandthelengthinthecircumf erential direct ion. 
Therefore, calculations of the rotational angle and the rotational 
torque in accordance with the outputs of the MR sensors 23a, 23b, 
24a and 24b disposed opposite to the targets 250 can considerably 
accurately be performed. 

15 Ontheotherhand, thetargetplate25caneasilybemanuf actured 

by one pressing operation performed between the upper mold 80 and 
the lower mold 90 shown in FIG. 80A and FIG. 80B. The material 
of the target plate 25 may be a low-cost thin plate made of magnetic 
material. Therefore, the magnitude cost can be reduced. 

20 Inthis embodiment , the material plate P integrally comprising 

the boss portion 252 for edging the fitting hole 251 is employed. 
The boss portion 252 may be formed together with the targets 250 
in the press -working process which is performed between the upper 
mold 80 and the lower mold 90. The boss portion 252 is formed by 

25 providing a projection which can be inserted into the center hole 
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The target s 2 5 0 of the target pi ate 2 5 manuf acturedas described 
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81 of the upper mold 80 for the axis portion of the upper surface 
of the lower mold 90 and by bending the inner end of the fitting 
hole 251 at a position between the provided projection and the 
center hole 81. 

5 In this embodiment, application is performed to the purpose 

for detecting the rotational angle (the steering angle) and the 
rotational torque (the steering torque) of the steering shaft 21 
for connecting the steering wheel 1 and the steering mechanism 
of the steering apparatus for an automobile . As a matter of course, 
10 the device according to the present invention may widely be applied 
tothepurposefordetectingtherotationalangleand/ortherotational 
torque of the rotating shaft . 



(Twenty-Ninth Embodiment) 

15 FIG. 81 is a schematic view showing the construction of the 

torque detecting device according to the present invention. 
As shown in FIG. 81, an input shaft (a first shaft) 21a having 
an upper end connected to a steering wheel 1 and an output shaft 
(a second shaft) 21b having a lower end connected to a pinion gear 

20 3 of a steering mechanism are coaxially connected to each other 
through a torsion bar 6 having a small diameter. Thus, a steering 
shaft 2 1 for connect ing the steering wheel 1 and the steeringmechanism 
is constructed. The torque detect ing device according to the present 
invention are constructions adjacent to a portion in which the 

25 input shaft 21a and the output shaft 21b are connected to each 
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other. The constructions will now be described. 

A disc-shape target plate 25 is coaxially fitted and secured 
to the input shaft 21a at a position adjacent to the portion for 
connecting the output shaft 21b. A plurality of targets (10 in 
5 figure) 250 are integrally formed on the outer surface of the target 
plate 25 by same intervals. The targets 250 are protrusions each 
of which is made of magnetic material and which are inclined with 
respect to the axial direction of the input shaft 21a to which 
the target plate 25 has been fit by substantially the same angles. 

10 A similar target plate 25 is fitted and secured to the output shaft 
21b at a position adjacent to the portion in which the output shaft 
21b and the input shaft 2 la are connected to each other . A plurality 
of targets 250 each of which is inclined by substantially the same 
angle with respect to the axial direction of the output shaft 21b 

15 to which the target plate 25 has been fitted are provided on the 
circumferential surface of the target plate 25. The targets 250 
are aligned to the targets 250 of the input shaft 21a in the 
circumferential direction. 

Two sensor boxes 231 and 241 are disposed on the outside 

20 of the target plate 25 to, from different positions, face the outer 
ends of the targets 250 provided on the circumferential surface 
of the target plate 25. The sensor boxes 231 and 241 are secured 
and supported by a stationary portion, such as a housing which 
supports the input shaft 21a and the output shaft 21b. 

25 The sensor box231 includes anMR sensor 23a disposed opposite 
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to the targets 250 for the input shaft 21a and an MR sensor 23b 
disposed opposite to the targets 250 for the output shaft 21b. 
The MR sensor 23a and the MR sensor 23b are accurately aligned 
in the circumferential direction. Similarly, the sensor box 241 
5 includes an MR sensor 24a disposed opposite to the targets 250 
for the input shaft 21a and an MR sensor 24b disposed opposite 
to the targets 250 for the output shaft 21b. The MR sensor 24a 
and the MR sensor 24b are accurately aligned in the circumferential 
direction. 

10 The MR sensors 23a, 23b, 24a and 24b are sensors, such as 

themagnetoresistanceef fectelements (MRelements) , havingelectric 
characteristics (the resistance) which are changed owing to an 
action of a magnetic field. The output voltage of each sensor is 
changed according to change in the ambient magnetic field. Outputs 

15 V A , V B , v A and v B of the MR sensors 23a, 23b, 24a and 24b are extracted 
to the outside of the sensor boxes 231 and 241 so as to be supplied 
to a signal processing unit 35 comprising a microprocessor. 

FIG. 82 is graph showing an example of change in the output 
voltagesof the MR sensors 23a, 23b, 24aand24b. The axis of abscissa 

20 of the graph stands for the rotational angle of the input shaft 
21a or the output shaft 21b. A solid line in the graph indicates 
the output voltages of the MR sensors 23a and 24a for the input 
shaft 21a. A short dashed line indicates the output voltages of 
the MR sensors 23b and 24b for the output shaft 21b. 

25 As described above, the MR sensors 23a, 23b, 24a and 24b 
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are disposed opposite to the targets 250 which are provided on 
the circumferential surfaces of the input shaft 21a and output 
shaft 21b to make a predetermined angle of inclination and each 
of which is made of magnetic material. The length of each of the 
5 targets 250 is finite in the circumferential direction of the input 
shaft 21a or the output shaft 21b. Thus, a discontinuous portion 
is present among the targets 250. Therefore, when the input shaft 
21a and output shaft 21b have been rotated around the axis, the 
MR sensors 23a, 23b, 24a and 24b output voltage signals which are 

10 linearly changed to correspond to change in the rotational angle 
of the input shaft 21a or the output shaft 21b during passing of 
the corresponding targets 250. When the discontinuous portion 
between the adjacent targets 250 passes, voltage signals which 
are nonl inearly changed to correspond to the change in the rotational 

15 angle are outputted. 

As a result, the output voltages of the MR sensors 23a, 23b, 
24a and 24b are, as shown in FIG. 82, the region (the linearly- changed 
region) in which the linear change occurs during each target 250 
passes and the region (nonlinearly-changed region) in which the 

20 nonlinear change occurs during each discontinuous portion between 
each target 250 passes are repeated during passing of each of the 
targets 250. The period of the repetition corresponding to the 
number of the targets 250 provided on the circumferential surface 
of the target plate 25 . In a case where 10 targets 250 are provided 

25 on the circumferential surface of the target plate 25 , the foregoing 
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repetition occurs such that a period of time in which the input 
shaft 21a or the output shaft 21b is rotated by 36° (= 360°/10) . 

The output voltages V A and v A of the MR sensor 23a and 24a 
correspond to the rotational angle of the input shaft 21a provided 
5 with the targets 250 to which the MR sensors 23a and 24a are disposed 
to opposite. The output voltages V B and v B of the MR sensors 23b 
and 24b correspond to the rotational angle of the output shaft 
21b provided with the targets 250 to which the MR sensors 23b and 
24b are disposed to opposite. Therefore, the voltage difference 

10 AV (= V A - V B ) between the output voltage V A of the MR sensor 23a 
and the output voltage V B of the MR sensor 2 3b or the voltage di f f erence 
Av (= v A — v B ) between the output voltage v A of the MR sensor 24a 
and the output voltage v B of the MR sensor 24b correspond to an 
amount of deviation of the position in the circumferential direction 

15 generated between the targets 250 for the input shaft 21a and the 
targets 250 for the input shaft 21a . That is , the foregoing difference 
corresponds to the difference (relative displacement of the angle) 
in the rotational angle between the input shaft 21a and the output 
shaft 21b. The relative displacement of the angle corresponds to 

20 an amount of twisting generated in the torsion bar 6 for connecting 
the input shaft 21a and the output shaft 21b when the rotational 
torque which is applied on the input shaft 21a is effective. Thus, 
the rotational torque (the steering torque) applied on the input 
shaft 21a can be calculated in accordance with the voltage di ff erence 

25 AV or Av. 
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The reason why the two MR sensors 23a and 24a and the two 
MR sensors 23b and 24b are disposed on the outside of the targets 
250 of the input shaft 21a and the output shaft 21b will now be 
described. An uncertain output obtainable in the 
5 nonlinearly- changed region shown in FIG. 82 must be omitted when 
the calculation of the rotational torque is performed. The two 
MR sensor 23a and 23b in the sensor box 231 and the two MR sensor 
24a and 24b in the other sensor box 241 are disposed opposite to 
each other such that the phases are shifted by a half period in 
10 the circumferential direction of each target plate 25. As shown 
in FIG. 82, when either pair of the outputs is in the nonlinear 
region, the other pair of the outputs is in the linearly- changed 
region . 

The calculation of the rotational torque is performed by 
15 the signal processing unit 35 to which the output voltages of the 
MR sensors 23a, 23b, 24a and 24b are inputted. The signal processing 
unit 35 selects either pair from a pair consisting of the MR sensors 
23a and 23b and a pair consisting of the MR sensor 24a and the 
MR sensor 24b which is present in the linearly- changed region. 
20 The outputs and the difference in the output of the selected sensors 
are used to calculate the torque. Since the calculating procedure 
has been described, the procedure is omitted from description. 

To accurately calculate the rotational torque, change in 
the output of the MR sensors 23a and 23b and the MR sensors 24a 
25 and 24b in the linearly- changed region for use in the calculation 
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stably occurs . However, the torsion bar 6 for connecting the input 
shaft 21a and the output shaft 21b is twisted owing to the rotational 
torqueappliedontheinputshaf t21a . Moreover, there isapprehension 
that deflection and deformation of the torsion bar 6 occur in the 
5 cross section including the axis. The influence of the deflection 
and deformation causes change in the output of the MR sensors 23a 
and 23b and the MR sensor 24a and the MR sensor 24b to become unstable . 
Therefore, the accuracy of calculating the rotational torque 
sometimes determines. 

10 FIG. 83A, FIG. 83BandFIG. 83C are diagram showing an inf luence 

of the deflection of the torsion bar 6 on the output of the MR 
sensor . The torque detecting device constructed as described above 
comprises the target plate 25 fitted to the input shaft 21a and 
the output shaft 21b connected to each other by the torsion bar 

15 6; and the MR sensor 23a and the MR sensor 23b (the MR sensor 24a 
and MR sensor 24b are omitted from illustration) provided on the 
circumferential surface of the target plate 25. 

FIG. 83A shows a state in which the torsion bar 6 is free 
from deflection. When the input shaft 21a and the output shaft 

20 21b have been rotated in the foregoing state, the target plate 
25 fitted to each of the input shaft 21a and the output shaft 21b 
rotates while maintaining its attitude. Thus, the relationship 
of the position from the MR sensors 23a and 23b disposed on the 
circumferential surface of the target plate 25 is not changed. 

25 FIG. 83B and FIG. 83C shows a state in which deflection of 
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the torsion bar 6 has occurred. When the input shaft 21a and the 
output shaft 2 lb have been rotated in the foregoing state , individual 
rotationoccursattheconnectionendof thetorsionbar6tocorrespond 
to the angle of deflection. Thus, movement having width of ±Yi and 
5 ±Y 2 in the axial direction occurs at the outer end of the target 
plate 25 in opposite directions. Thus, an air gap between the MR 
sensors 23a and 23b disposed opposite to each other is changed. 

The states shown in FIG. 83B and FIG. 83C are repeatedly 
realized such that one rotation of the input shaft 21a and the 

10 outputshaf 1 2 lb is one period. Therefore, the fluctuation component 
corresponding to the movement widths ±Y X and ±Y 2 are superimposed 
on the output of the MR sensors 23a and 23b opposite to the target 
plate 25. The rotational torque calculated in accordance with the 
output including the fluctuation component includes an error 

15 corresponding to the movement widths ±Yi and ±Y 2 . As a result, the 
calculating accuracy of the rotational torque deteriorates. 

To prevent the deterioration in the detecting accuracy, the 
present invention is constructed as follows. 

FIG. 84 isavertical cross sectional view showing anessential 

20 portion of a steering apparatus for an automobile comprising the 
torque detecting device according to the present invention. 
Referring to FIG. 84, reference numeral 21a represents an input 
shaft and 21b represents an output shaft. Both of the input shaft 
21a and the output shaft 21b are hollow shafts which are coaxially 

25 connected to each other through a torsion bar 6 having a smaller 
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diameter and inserted into the hollow portions. The input shaft 
21a and the output shaft 21b are rotatively supported in a common 
housing formed into a cylindrical shape. 

The housing is constructed by coaxially integrating a sensor 
5 housing Hi for the input shaft 21a and a transmission housing H 2 
for the output shaft 21b. The upper end of the input shaft 21a 
projecting over (in the right-hand portion of the drawing) the 
sensor housing H x is connected to a steering wheel (not shown) through 
anuppershaft (a steering column) 2 . Thus / rotational torque applied 

10 on the steering wheel for steering acts through the upper shaft 
2 . Moreover , thelowerendof theoutput shaf 1 2 lbdownwardspro j ect ing 
(the left-hand portion of the drawing) over the transmission housing 
H 2 is connected to a steer ing mechanism (not shown) through connect ing 
members including a universal joint . Thus, rotations of the output 

15 shaft 21b are transmitted to the steering mechanism so that steering 
is performed. 

The output shaft 21b is supported by pairwise bearings (ball 
bearings) 9c and 9b secured to the transmission housing H 2 and the 
lower opening of the sensor housing Hi, the output shaft 21b is 

20 being supported in an inboard support manner. A worm wheel 16 is 
coaxially secured between the support positions. A worm gear 17 
integrally formed with an output end of an electric Motor 14 for 
assisting steering is engaged to the circumferential surface of 
the worm wheel 16. Thus, rotations of the electric motor 14 are 

25 transmitted to the output shaft 21b at a predetermined reduction 
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ratio through the worm gear 17 and the worm wheel 16. 

The sensor housing Hi includes the target plate 25 secured 
to each of the input shaft 21a and the output shaft 21b; and the 
MR sensors 23a and 23b disposed opposite to the target plate 25. 
5 Thus , the torque detecting device according to the present invention 
is constructed. 

The target plate 25 is a disc-shape member having a plurality 
of the targets 250 formed as described above and provided on the 
circumferential surface thereof. Either of the target plate 25 

10 is press-fit to the upper end of the output shaft 21b projecting 
over the bearing 9b through the boss portion coaxially projecting. 
Thus, the target plate 25 is able to integrally rotate together 
with the output shaft 21b. The other target plate 25 is fitted 
toanintermediateport ionof the input shaft 2 la through t hepro j ect ing 

15 boss portion so as to be secured to the target plate 25 for the 
output shaft 21b by press-fitting such that the circumferential 
positions are al igned . Thus , the target plate 2 5 is able to integrally 
rotate together with the input shaft 21a. 

A limiting ring 29 formed into an annular shape having a 

20 rectangular cross section is engaged and supported by the input 
shaft 21a at a position between the target plates 25 . The limiting 
ring 29 has two sides brought into contact with the opposite surfaces 
of the target plates 25. 

The MR sensors 23a and 23b are disposed in the sensor box 

25 231 secured to the wall of the sensor housing Hi such that the MR 
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sensors 23a and 23b are disposed opposite to the circumferential 
surface of the target plate 25 having the targets 250 . As described 
above, the MR sensors 23a and 23b are the MR sensors capable of 
generating outputs which are changed to correspond to passing of 
5 the targets 250 caused from rotation of the input shaft 21a or 
the output shaft 21b. The outputs of the MR sensors 23a and 23b 
are supplied to the signal processing unit 35. 

The signal processing unit 35 calculates, as described above , 
the rotational torque applied on the input shaft 21a in accordance 

10 with the difference in the output between the MR sensors 23a and 
23b. FIG. 84 shows one MR sensor 23a and one MR sensor 23b for 
each of the target plates 25 engaged to and supported by the input 
shaft 21a and the output shaft 21b such that the MR sensors 23a 
and 23b are disposed opposite to the target plates 25. However, 

15 it is preferable that two MR sensors 23a and 24a and two MR sensors 
23b and 24b are disposed opposite to each other as shown in FIG. 
81. Thus, the MR sensors 23a and 23b or MR sensor 24a and the MR 
sensor 24b are selected to use in the calculation of the rotational 
torque . 

20 As shown in FIG. 84, the torque detecting device according 

to the present invention comprises the limiting ring 29 interposed 
between the opposite target plates 25 to which the MR sensors 23a 
and 23b are opposite. The two sides of the limiting plat 29 are 
brought into contact with the opposite surfaces of the target plates 

25 25. Thus, inclination of the target plate 25 is limited in the 
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plane including the axis of each of the input shaft 21a and output 
shaft 21b. Thus, the target plate 25 rotates without any movement 
of the outer end to correspond to the rotations of the input shaft 
21a and the output shaft 21b. Therefore, change in the air gap 
5 between the targets 250 provided on the circumferential surface 
of the target plates 2 5 and the MR sensors 23a and 23b can considerably 
be prevented. Therefore, change factor of the air gap which is 
superimposed on the outputs of the MR sensors 23a and 23b can be 
reduced. As a result, calculation of the rotational torque which 
10 is performed by the signal processing unit 35 can accurately be 
performed. 

The limiting member for limiting inclination of the target 
plate 25 may arbitrarily be constructed . The limiting ring 29 formed 
into the annular shape having the rectangular cross section can 

15 easily be manufactured. Moreover, fitting can easily be performed 
by engaging the input shaft 21a. When the two sides of the limiting 
ring 29 are brought into contact with the target plates 25 , a required 
effect can be obtained. The limiting ring 29 may be engaged to 
and supported by the output shaft 21b. The shape of the limiting 

20 ring 29 is not limited to the rectangular cross sectional shape. 
Thus, an annular member having a required shape can be employed 
for limiting ring 29. 

In the foregoing embodiment , the present invention is appl ied 
to the purpose for detecting the rotational angle (the steering 

25 angle) and the rotational torque (the steering torque) of thesteering 
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shaft 2 1 for connect ing the steering wheel 1 and the steeringmechanism 
of the steering apparatus for an automobile . As a matter of course, 
the device according to the present invention may widely be applied 
to the purpose for detecting the rotational angle and/or rotational 
5 torque of a rotating shaft . 



(Thirtieth Embodiment) 

FIG . 8 5 i s a schemat ic view showing the constructionof Thirt ie th 
Embodiment of a rotational angle detect ing device and torque detect ing 

10 device according to the present invention. These rotational angle 
detecting device and torque detecting device are applied to a steering 
apparatus for automobiles, in which a steering shaft 21 connecting 
coaxially a steering wheel 1 and a steering mechanism is constructed 
by connecting an input shaft having an upper end portion to which 

15 the steering wheel 1 is connected and an output shaft 21b having 
a lower end portion to which a pinion 3 of the steering mechanism 
is connected to each other through a torsion bar (connecting shaft) 
6 witha small diameter, and the torque detecting device is constructed 
near the connecting portion between the input shaft 21a and the 

20 output shaft 21b as follows. 

A disc-shaped target plate 25 (rotational member) is coaxially 
fitted and secured on the input shaft 21a at a position adjacent 
to one end portion connected to the output shaft 21b, and a plurality 
of (five in FIG. 85) targets 260 are provided side by side on the 

25 outer circumferential surface of the target plate 25. 
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As illustrated in a development view of FIG. 86 showing the 
developed outer circumferential surface of the target plate 25, 
each target 260 is a protruding bar made of magnetic material and 
comprises a first inclining portion 260a arranged to incline in 
5 one direction and a second inclining portion 260b arranged to incline 
in other direction on the outer circumferential surface of the target 
plate 25, and the targets 260 are provided side by side at equal 
intervals in the circumferential direction of the outer 
circumferential surface of the target plate 25. 

10 The first inclining portion 260a and the second inclining 

portion 260b are substantially line symmetrical about a straight 
line passing their connected point in the axial direction of the 
rotational shaft of the target plate 25. 

A target plate 25 with targets 260 similar to the one described 

15 above is also fitted and secured on the output shaft 21b at one 
end portion on the input shaft 21a side, and the targets 260 of 
the target plate 25 on the output shaft 21b side and the targets 
260 of the target plate 25 on the input shaft 21a side are aligned 
and juxtaposed in the circumferential direction. 

20 A sensor box 11 is disposed outside of both the target plates 

25 so that it faces the outer edges of the targets 260 on the outer 
circumference of the target plates 25. The sensor box 11 is fixedly 
supported on a stationary portion, such as a housing that supports 
the input shaft 21a and the output shaft 21b. Magnetic sensors 1A, 

25 IB facing different portions in the circumferential direction of 
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the targets 260 on the input shaft 21a side and magnetic sensors 
2A, 2B facing different portions in the circumferential direction 
of the targets 260 on the output shaft 21b side are contained in 
the sensor box 11 so that their positions in the circumferential 
5 direction are correctly aligned. 

Each of the magnetic sensors 1A, 2A, IB, 2B is a sensor which 
is constructed using an element , such as a magneto-resistance effect 
element (MR element), whose electrical characteristic (resistance) 
changes as a result of the function of a magnetic field so that 

10 the detection signal changes according to an adjacent portion of 
the facing target 260, and the respective detection signals are 
supplied to a signal processing unit 35 formed by a microprocessor 
provided outside (or inside) the sensor box 11. 

The following description will explain the operations of the 

15 rotational angle detecting device and torque detecting device having 
such structures. 

As described above, thetargets260 facing the magnetic sensors 
LA, 2A, IB, 2B are protruding bars made of magnetic material, comprise 
the first inclining port ions 260a arranged to incline in one direction 

20 and the second inclining portions 260b arranged to incline in other 
direction on the outer circumferential surfaces of the target plates 
25 that are coaxially fitted and secured on the input shaft 21a 
and the output shaft 21b, and are provided side by side at equal 
intervals in the circumferential direction. 

25 Therefore, when the input shaft 21a (output shaft 21b) is 
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rotated about the axis, each of the magnetic sensors 1A and IB (2A 
and 2B) outputs a detection signal rising and falling in proportion 
to a change of the rotational angle of the input shaft 21a (output 
shaft 21b) as shown in FIG. 87 while a corresponding target 260 
5 is passing a position facing the sensor. 

The detection signal changes nonlinearly near a transition 
from rise to fall or fall to rise, i.e., near the connected point 
between the first inclining portion 260a and the second inclining 
portion 260b, but the detection signal can be conplemented by a 

10 later-described method. 

Thedetectionsignalsof themagneticsensorslAandlBcorrespond 
to the rotational angle of the input shaft 21a having the targets 
260 corresponding to the magnet ic sensors lAand IB , whi le the detect ion 
signals of the magnetic sensors 2Aand 2B correspond to the rotational 

15 angle of the output shaft 21b having the targets 260 corresponding 
to the magnetic sensors 2A and 2B. 

Therefore, the signal processing unit 35 can calculate the 
rotational angle of the input shaft 21a from the detection signals 
of the magnetic sensors 1A and IB, and thus the signal processing 

20 unit 35 and magnetic sensors 1A and IB act as a rotational angle 
detecting device for the input shaft 21a. Further, the signal 
processing unit 35 can calculate the rotational angle of the output 
shaft 21b from the detection signals of the magnetic sensors 2A 
and 2B, and thus the signal processing unit 35 and magnetic sensors 

25 2A and 2B act as a rotational angle detecting device for the output 
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shaft 21b. 

The magnetic sensors LA, 2A and the magnetic sensors IB, 2B 
have a phase difference of 90° in the electrical angle, for example, 
in the circumferential direction of the target plates 25 . Therefore , 
5 the detection signal of the magnetic sensor 1A and the detection 
signal of the magnetic sensor IB can be mutually conplemented for 
the nonlinearly- changed regions, and the same thing can also be 
said about the detection signals of the magnetic sensors 2A and 
2B. 

10 The following description will explain the operation of 

calculating the steering angle (rotational angle calculation) of 
the rotational angle detecting device according to the present 
invention, with reference to the flow charts of FIG. 88 through 
FIG. 91 showing the operation. 

15 In this rotational angle detecting device, first, the si'gnal 

processing unit 35 selects an effective sensor whose detection signal 
isnot in a nonlinearly- changed region frommagne tic sensor A (magnetic 
sensors 1A, 2A) and magnetic sensor B (magnetic sensors 2A, 2B) 
(S1010) . Here, a judgement is also made as to whether the effective 

20 sensor is a magnetic sensor "A+", n B+ ,! whose detection signal is 
in a rightward- rising region (detection signal increasing region) 
or a magnetic sensor "A-", "B-" whose detection signal is in a 
rightward- falling region (detection signal decreasing region) . 

For the selection of the effective sensor (S1010) , the signal 

25 processing unit 35 first compares each of the detection signals 
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A and B of the magnetic sensors A and B with the middle value Vmid 
of the maximum and minimum values that can be taken by the detection 
signals A and B so as to judge whether or not A > Vmid and B > Vmid 
are satisfied (S1101 in FIG. 90) . If A > Vmid and B > Vmid, the 
5 signal processing unit 35 judges whether or not A > B is satisfied 
(S1106) . 

If A > Vmid and B > Vmid are satisfied (S1101) and A > B is 
satisfied (S1106) , the signal processing unit 35 judges that the 
detection signals A and B are in a region "a" shown in FIG. 87 and 
10 selects the effective sensor »B+" (S1107) . 

If A > Vmid and B > Vmid are satisfied (SHOD but A > B is 
not satisfied (S1106) , the signal processing unit 35 judges that 
the detection signals A and B are in a region "b" shown in FIG. 
87 and selects the effective sensor "A-" (S1108) . 
15 If A > Vmid and B > Vmid are not satisfied (S1101) , the signal 

processing unit 35 judges whether or not A < Vmid and B < Vmid are 
satisfied (S1102) . If A < Vmid and B < Vmid are satisfied, the signal 
processing unit 35 judges whether or not A > B (S1109) is satisfied. 

If A < Vmid and B < Vmid are satisfied (S1102) and A > B is 
20 satisfied (S1109) , the signal processing unit 35 judges that the 
detection signals A and B are in a region "f 11 shown in FIG. 87 and 
selects the effective sensor "A+" (S1110) . 

If A < Vmid and B < Vmid are satisfied (S1102) but A > B is 
not satisfied (S1109) , the signal processing unit 35 judges that 
25 the detection signals A and B are in a region "e" shown in FIG. 
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87 and selects the effective sensor "B-" (Sllll) . 

If A < Vmid and B < Vmid are not satisfied (S1102) , the signal 
processing unit 35 judges whether or not A > Vmid and B < Vmid are 
satisfied (S1103) . If A > Vmid and B < Vmid are satisfied, the signal 
5 processing unit 35 judges whether or not (A - Vmid) > (Vmid - B) 
is satisfied (S1112) . 

If A > Vmid and B < Vmid are satisfied (S1103) and (A - Vmid) 

> (Vmid - B) is satisfied (S1112) , the signal processing unit 35 
judges that the detection signals A and B are in a region "h" shown 

10 in FIG. 87 and selects the effective sensor »B+" (S1113) . 

If A > Vmid and B < Vmid are satisfied (S1103) but (A - Vmid) 

> (Vmid - B) is not satisfied (S1112) , the signal processing unit 
35 judges that the detection signals A and B are in a region "g" 
shown in FIG. 87 and selects the effective sensor "A+" (S1114) . 

15 If A > Vmid and B < Vmid are not satisfied (S1103) , the signal 

processing unit 35 judges whether or not (B - Vmid) > (Vmid - A) 

is satisfied (S1104) . 

If A > Vmid and B < Vmid are not satisfied (S1103) but (B 

- Vmid) > (Vmid - A) is satisfied (S1104) , the signal processing 
20 unit 35 judges that the detection signals A and B are in a region 

"c" shown in FIG. 87 and selects the effective sensor "A—" (S1105) . 

If A > Vmid and B < Vmid are not satisfied (S1103) and (B - Vmid) 

> (Vmid - A) is not satisfied (S1104) , the signal processing unit 
35 judges that the detection signals A and B are in a region "d" 

25 shown in FIG. 87 and selects the effective sensor "Br-" (S1115) . 
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Next, the signal processing unit 35 judges whether or not 
the effective sensor selected in the previous cycle of sampling 
was !, A+" (S1011) . If the effective sensor in the previous cycle 
of sampling was "A+ n , the signal processing unit 35 adds the change 
of the detection signal indicating the displacement angle from the 
previous cycle of sampling to this cycle of sampling (A - the sensor 
value in the previous cycle) to the integrated steering angle up 
to the previous cycle of sampling and outputs the result as the 
rotational angle (S1021) . 

In this case, since the effective sensor in the previous cycle 
of sampling was "A+" and the detection signal value A was in a linear 
region, the detection signal value A of the effective sensor n A+" 
will not come into a nonlinearly- changed region until this cycle 
of sampling. Accordingly, since the increase/decrease of the 
detection signal value corresponds to the increase/decrease of the 
integrated steering angle, the change of the detection signal is 
added to the integrated steering angle, and the change of the detection 
signal can be calculated from the detection signal value A of this 
cycle of sampling. 

If the effective sensor in the previous cycle of sampling 
was not "A+ " (S1011) , the signal processing unit 35 judges whether 
or not the effective sensor in the previous cycle of sampling was 
"A-" (S1012) . 

If the effective sensor in the previous cycle of sampling 
was "A-" (S1012) , the signal processing unit 35 subtracts the change 
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of the detection signal indicating the displacement angle from the 
previous cycle of sampling to this cycle of sampling (A - the sensor 
value in the previous cycle) from the integrated steering angle 
up to the previous cycle of sampling and outputs the result as the 
rotational angle (SI 02 2) . 

In this case, -since the effective sensor in the previous cycle 
of sampling was "A-" and the detection signal value A was in a linear 
region, the detection signal value A of the effective sensor "A—" 
will not come into a nonlinearly- changed region until this cycle 
of sampling. Accordingly, since the increase/decrease of the 
detection signal value corresponds to the decrease/ increase of the 
integrated steering angle, the change of the detection signal is 
subtracted from the integrated steering angle, and the change of 
,the detection signal can be calculated from the detection signal 
A of this cycle of sampling. 

If the effective sensor in the previous cycle of sampling 
was not "A-" (S1012) , the signal processing unit 35 judges whether 
or not the effective sensor in the previous cycle of sampling was 
"B+" (S1013) . 

If the effective sensor in the previous cycle of sampling 
was "B+" (S1013), the signal processing unit 35 adds the change 
of the detection signal indicating the displacement angle from the 
previous cycle of sampling to this cycle of sampling (B - the sensor 
value in the previous cycle) to the integrated steering angle up 
to the previous cycle of sampling and outputs the result as the 
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rotational angle (SI 02 3) . 

In this case, since the effective sensor in the previous cycle 
of sampling was 11 B+" and the detection signal value B was in a linear 
region, the detection signal value B of the effective sensor "B+" 
5 will not come into a nonli nearly -changed region until this cycle 
of sampling. Accordingly, since the increase/decrease of the 
detection signal value corresponds to the increase/decrease of the 
integrated steering angle, the change of the detection signal is 
added to the integrated steering angle , and the change of the detection 
10 signal can be calculated from the detection signal B of this cycle 
of sampling. 

If the effective sensor in the previous cycle of sampling 
was not "B+" (SI 013) , the signal processing unit 35 judges whether 
or not the effective sensor in the previous cycle of sampling was 
15 "B-" (S1014) . 

If the effective sensor in the previous cycle of sampling 
was "B-" (S1014 of FIG. 89) , the signal processing unit 35 subtracts 
the change of the detection signal indicating the displacement angle 
from the previous cycle of sampling to this cycle of sampling (B 
20 - the sensor value in the previous cycle) from the integrated steering 
angle up to the previous cycle of sampling and outputs the result 
as the rotational angle (S1024) . 

In this case, since the effective sensor in the previous cycle 
of sampling was "B-" and the detection signal value B was in a linear 
25 region, the detection signal value B of the effective sensor "B- n 
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will not come into a nonlinearly- changed region until this cycle 
of sampling. Accordingly, since the increase/decrease of the 
detection signal value corresponds to the decrease/ increase of the 
integrated steering angle, the change of the detection signal is 
5 subtracted from the integrated steering angle, and the change of 
the detection signal can be calculated from the detection signal 
B of this cycle of sampling. 

If the effective sensor in the previous cycle of sampling 
was not "B— " (S1014) , the signal processing unit 35 judges that 

10 the effective sensor was not selected in the previous cycle of sampling 
(S1015) , i.e., it was steering start time and thus the steering 
angle is zero, and outputs this value as the rotational angle (S1016) . 

Next, if the effective sensor in this cycle of sampling is 
"A+" or "A-" (S1017) , the signal processing unit 35 selects the 

15 detection signal value A of this cycle of sampling (S1025) as the 
"sensor value in the previous cycle" for use in the operations (S1021, 
S1022, S1023, S1024) , andreplaces the " sensor selected in the previous 
cycle" with the "sensor selected in this cycle" (S1020) and performs 
return . 

20 If the effective sensor in this cycle of sampling is not "Ah-" 

or "A-" (S1017) , the signal processing unit 35 judges whether the 
effective sensor selected in this cycle of sampling is "B+" or "B-" 
(S1018) . 

If the effective sensor selected in this cycle of sampling 
25 is "B+" or "B-" (S1018) , the signal processing unit 35 selects the 
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detection signal value B of this cycle of sampling (S1026) as the 
"sensor value in the previous cycle" for use in the operations (S1021, 
S1022, S1023, S1024) , and replaces the "sensorselectedintheprevious 
cycle" with the "sensor selected in this cycle" (SI 020) and performs 
5 return . 

If the effective sensor selected in this cycle of sampling 
is not "B+" or "B-" (S1018) , the signal processing unit 35 judges 
that the effective sensor is not selected (S1019) , and selects "sensor 
is not selected" for the "sensor selected in the previous cycle" 

10 (S1020) and performs return. 

If the steering torque is applied to the input shaft 21a, 
a torsional angle is generated in the torsion bar 6, resulting in 
a difference between the rotational angles of the input shaft 21a 
and output shaft 21b. 

15 Here , thedif f erencebetweenthedetectionsignalof themagnet ic 

sensor 1A and the detection signal of the magnetic sensor 2A, or 
the difference between the detection signal of the magnetic sensor 
IB and the detection signal of the magnetic sensor 2B, corresponds 
to the difference in the rotational angles between the input shaft 

20 21a and the output shaft 21b (relative angular displacement) . This 
relative angular displacement corresponds to the torsional angle 
generated in the torsion bar 6 connecting the input shaft 21a and 
the output shaft 2 lb under the function of the steering torque applied 
to the input shaft 21a. Therefore, the signal processing unit 35 

25 can calculate the steering torque applied to the input shaft 21a, 
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basedontheabove-mentioneddif f erencebetweenthedetectionsignals . 

NotethatwhileThirtiethEmtodimentillustratedaboveexplains 
the present invention comprising the targets 260 of the configuration 
shown in FIG. 86, it is also possible to obtain similar effects 
5 even when the targets 260 have configurations other than the one 
shown in FIG. 86, for example, the configurations shown in FIG. 
93 through FIG. 98. 

(Thirty- First Embodiment) 

10 FIG. 92 is a vertical cross sectional view showing the 

construction of an essential portion of Thirty-First Embodiment 
of a steering apparatus according to the present invention. This 
steering apparatus comprises an upper shaft 2 having an upper end 
portion to which a steering wheel 1 is attached and a lower end 

15 portion to which a cylindrical input shaft 21a and the upper end 
portion of a torsion bar 6 (connecting shaft) to be inserted into 
the input shaft 21a are connected through a first dowel pin 4. 
A cylindrical output shaft 21b is connected to the lower end portion 
of the torsion bar 6 through a second dowel pin 7 . The upper shaft 

20 2, input shaft 21a and output shaft 21b are rotatably supported 
in a housing 12 through bearings 9a, 9b and 9c, respectively. 

The housing 12 is fixed to a stationary portion of the body 
of an automobile with a mounting bracket 12a. 

The housing 12 contains therein the sensor box 11 of the 

25 torque detecting device explained in Thirtieth Embodiment, for 
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detecting a steering torque by the relative angular displacement 
of the input shaft 21a and the output shaft 21b connected through 
the torsion bar 6; and a reduction mechanism 15 for reducing the 
rotation of a steering assist electric motor 14 which is driven 
5 based on the result of the detection by the torque detecting sensor 
so as to assist the operation of the steering mechanism according 
to the rotation of the steering wheel 1 by the rotation of the 
electric motor 14 and reduce a driver ! s load for steering. The 
lower end portion of the output shaft 21b is connected to a rack 

10 and pinion type steering mechanism through a universal joint. 

In the torque detecting device, as explained in Thirtieth 
Embodiment, the disc-shaped target plate 25 (rotational member) 
is coaxially fitted and secured on the input shaft 21a at a position 
adjacent to one end portion connected to the output shaft 21b, and 

15 a plurality of targets 260 are provided side by side on the outer 
circumferential surface of the target plate 25. 

A target plate 25 with targets 260 similar to the one described 
above is also fitted and secured on the output shaft 21b at one 
end portion on the input shaft 21a side. The targets 260 of the 

20 target plate 25 on the output shaft 21b side and the targets 260 
of the target plate 25 on the input shaft 21a side are aligned and 
juxtaposed in the circumferential direction. 

The sensor box 11 is disposed outside of both the target plates 
25 so that it faces the outer edges of the targets 260 on the outer 

25 circumference of the target plates 25 . The sensor box 11 is fixedly 
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supported by being fitted into a through hole 12b formed in the 
housing 12 . 

As explained in Thirtieth Embodiment, the magnetic sensors 
1A, IB facing different portions in the circumferential direction 
5 of the targets 260 on the input shaft 21a side and the magnetic 
sensors 2A, 2B facing different portions in the circumferential 
direction of the targets 260 on the output shaft 21b side are contained 
in the sensor box 11 so that their positions in the circumferential 
direction are correctly aligned. 

10 The following description will explain the operation of the 

steering apparatus having such a structure. 

When the input shaft 21a and the output shaft 21b are rotated 
without twisting the torsion bar 6, the input shaft 21a, output 
shaft 21b and torsion bar 6 rotate as one body. 

15 In the case where the torsion bar 6 is twisted and the input 

shaft 21a and the output shaft 21b are rotated as a result of the 
appl icat ion of a steering torque to the steering wheel 1 , the detect ion 
signalsof themagnetic sensors 1A, IB, 2A, 2Bhaveavoltagedif ference 
according to the torsional angle . The respective detection signals 

20 are supplied to the signal processing unit 35 (FIG. 85) , and the 
signal processing unit 35 cangive the torsional angle by calculating 
the voltage difference thereof and outputs a signal corresponding 
to the steering torque. 

Moreover, the signal processing unit 35 can calculate and 

25 output the rotational angle (steering angle) of the steering wheel 
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1 by using the detection signals. 

The signal corresponding to the steering torque and the signal 
indicating the rotational angle of the steering wheel 1 are supplied 
to a controller (not shown) , and the controller controls the rotation 
of the electric motor 14 based on the supplied signals. 

(Thirty- Second Embodiment) 

FIG. 93 is a schematic view showing the construction of 
Thirty- Second Embodiment of the rotational angle detecting device 
and torque detecting device according to the present invention. 

In the rotational angle detecting device and torque detecting 
device of Thirty-Second Embodiment, in place of the targets 260 
having the first inclining portions 260a and the second inclining 
portions 260b, targets 270 are formedby protrusions made of magnetic 
material and arranged at substantially equal intervals in the 
direction of rotation of the rotational member comprising the input 
shaft 21a and output shaft 21b. 

The targets 270 are made of teeth 271a of a magnetic spur 
gear 271 having an involute tooth profile, and ring-shaped spur 
gears 271 are fitted and secured on the input shaft 21a and the 
output shaft 21b. Further, it is also possible that the input shaft 
21a and the output shaft 21b are formed using magnetic material 
and the teeth 271a are formed by gear-cutting the circumferential 
surfaces of these input shaft 21a and the output shaft 21b. 

The magnetic sensors 1A, 2A and the magnetic sensors IB, 2B, 
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which are positioned at different portions in the circumferential 
direction of the rotational member to face the targets 270 and output 
detection signals continuously according to the rotation of the 
rotational member, have a phase difference of 90° in the electrical 
5 angle, forexample, in the circumferential direct ionof therotational 
member comprising the input shaft 2 la and output shaft 2 lb . Therefore , 
the detection signal of the magnetic sensor 1A and the detection 
signal of the magnetic sensor IB can be mutually complemented for 
portions near the distorted regions where a maximum nonlinear change 

10 rate is marked, and the same thing can also be said about the detection 
signals of the magnetic sensors 2A and 2B. 

In Thirty- Second Embodiment, the magnetic field becomes 
stronger in opposing port ions where the targets 270 face the magnetic 
sensors 1A, 2A, IB, 2B that are positioned outside of the radial 

15 direction of the input shaft 21a and the output shaft 21b to face 
the targets 270, while the magnetic field becomes weaker in 
non-opposing portions . Thus , since a strong magnetic field portion 
and a weak magnetic field portion are periodically generated, each 
of the magnetic sensors 1A, 2A, IB, 2B outputs a detection signal 

20 approximately to a sine wave according to the passage of each target 
270. 

The detection signals have the maximum nonlinear change rate 
near the transition from rise to fall or fall to rise, but can 
be mutually complemented by the above -described signal processing 
25 method . 
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Since other structures and functions are the same as those 
of Thirtieth Embodiment, similar parts are designated with the 
same reference codes, and their detailed explanation and the 
explanation of the functions are omitted. 

5 

(Thirty-Third Embodiment) 

FIG. 94 is a schematic view showing the construction of 
Thirty-Third Embodiment of the rotational angle detecting device 
and torque detecting device according to the present invention; 

10 and FIG. 95 is a cross sectional view showing the construction of 
Thirty-Third Embodiment. 

In the rotational angle detecting device and torque detecting 
device of Thirty-Third Embodiment, in place of the targets 260 
having the first inclining portions 260a and the second inclining 

15 portions 260b, targets 272 are constructed by non-dent portions 
between dents that are formed at substantially equal intervals 
in the direction of rotation of the rotational member comprising 
the input shaft 21a and output shaft 21b so as to form the non-dent 
portions . 

20 The targets 272 are made of non-dent portions 273c between 

dents 273b made of rectangular through holes formed in cylindrical 
portions 273a of rotational. members 273 made of magnetic material, 
which are fitted and secured on the input shaft 21a and the output 
shaft 21b and have the cylindrical portions 273a. The non-dent 

25 portions are formed so that each of the magnetic sensors 1A, 2A, 
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IB, 2B can output a detection signal approximately to a sine wave 
or a triangular wave . Note that each dent 273b may be a non- through 
hole instead of the through hole. Moreover, by using the input 
shaft 21a and the output shaft 21b made of magnetic material, it 
is possible to form the dents 273b in the circumferential surfaces 
of the input shaft 21a and the output shaft 21b. Further, it is 
also possible to form the dents 273b in surfaces lying in the radial 
direction of the input shaft 21a and the output shaft 21b instead 
of the circumferential surfaces round the center of rotation of 
the input shaft 21a and the output shaft 21b. In this case, each 
of the magnetic sensors 1A, 2A, IB, 2B is provided at a position 
facing the surface lying in the radial direction. 

The magnetic sensors 1A, 2A and the magnetic sensors IB, 2B, 
which are positioned at different portions in the circumf erential 
direction of the rotational members 273 to face the targets 272 
and output detection signals continuously according to the rotation 
of the rotational members 273, have aphase difference of , forexample, 
90° in the electrical angle in the circumferential direction of 
the rotational members 273 . Therefore, the detection signal of the 
magnetic sensor 1A and the detection signal of the magnetic sensor 
IB can be mutually complemented for portions near the distorted 
regions where a maximum nonlinear change rate is marked, and the 
same thing can also be saidabout the detection signals of the magnetic 
sensors 2 A and 2B. 

In Thirty-Third Embodiment, the magnetic field becomes 
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stronger in opposing port ions where the targets 272 face the magnetic 
sensors 1A, 2A, IB, 2B that are positioned outside of the radial 
direction of the input shaft 21a and the output shaft 21b to face ■ 
the targets 272, while the magnetic field becomes weaker in 
5 non-opposing portions . Thus , since a strong magnetic f ieldport ion 
and a weak magnetic field portion are periodically generated, each 
of the magnetic sensors 1A, 2A, IB, 2B outputs a detection signal 
approximately to a sine waves or a triangular wave according to 
the passage of each target 272 . 
10 The detection signals have the maximum nonlinear change rate 

near the transition from rise to fall or fall to rise, but can be 
mutually complemented by the above-described signal processing 
method . 

Since other structures and functions are the same as those 
15 of Thirtieth Embodiment, similar parts are designated with the 
same reference codes, and their detailed explanation and the 
explanation of the functions are omitted. 

(Thirty- Fourth Embodiment) 
20 FIG. 96 is a schematic view showing the construction of 

Thirty-Fourth Embodiment of the rotational angle detecting device 

and torque detecting device according to the present invention; 

andFIG. 97isaplanviewof atarget portion that shows the construction 

of Thirty- Fourth Embodiment. 
25 In the rotational angle detecting device and torque detecting 
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device of Thirty-Fourth Embodiment, in place of the targets 260 
having the first inclining portions 260a and the second inclining 
portions 260b, targets 274 are constructed by magnetized portions 
274a which are magnetized so that the magnetic poles reverse at 
5 substantially equal intervals in the direction of rotation of the 
rotational member comprising the input shaft 21a and output shaft 
21b, i.e., so as to have the N pole and S pole at substantially 
equal interval s . 

The targets 274 are obtained by magnetizing magnetic rings 

10 275, which are to be fitted and secured on the input shaft 21a 
and output shaft 21b, to the N pole and S pole so that each of 
the magnetic sensors 1A, 2A, IB, 2B can output a detection signal 
approximately to a sine wave or a triangular wave . Note that the 
magnetized portions 274a may be formed in the surfaces lying in 

15 the radial direction of each of the input shaft 21a and the output 
shaft 21b instead of the circumferential surfaces round the center 
of rotation of the input shaft 21a and the output shaft 21b. In 
this case, each of the magnetic sensors 1A, 2A, IB, 2B is provided 
at a position facing the surface lying in the radial direction. 

20 The magnetic sensors 1A, 2A and the magnetic sensors IB, 2B, 

which are positioned at different portions in the circumferential 
direction of the rotational members made of the magnetic rings 275 
to face the targets 274 and output detection signals continuously 
according to the rotation of the magnetic rings 275, have a phase 

25 difference of 90° in the electrical angle, for example, in the 
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circumferential direction of the magnetic rings 275. Therefore, 
the detection signal of the magnetic sensor 1A and the detection 
signal of the magnetic sensor IB can be mutually complemented for 
portions near the distorted regions where a maximum nonlinear change 
5 rate is marked, and the same thing can also be said about the detection 
signals of the magnetic sensors 2A and 2B. 

In Thirty- Fourth Embodiment, as shown in FIG. 97, since the 
line of magnetic force from the N poles of the targets 274 are 
absorbed by adjacent S poles respectively, a strong magnetic field 
10 portionandaweakmagneticf ieldportionareperiodicallygenerated. 

In Thirty- Fourth Embodiment, each of the magnetic sensors 
1A, 2A, IB, 2B that are positioned outside of the radial direction 
of the input shaft 21a and the output shaft 21b to face the targets 
274 outputs a detection signal approximately to a sine wave or a 
15 triangular wave according to the passage of each target 274. 

The detection signals have the maximum nonlinear change rate 
near the transition from rise to fall or fall to rise, but can be 
mutually complemented by the above -described signal processing 
method . 

20 Since other structures and functions are the same as those 

of Thirtieth Embodiment, similar parts are designated with the 
same reference codes, and their detailed explanation and the 
explanation of the functions are omitted. 

Note that, in Thirty-Fourth Embodiment, while the targets 

25 are magnetized on the circumferential surfaces of the magnetic 
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rings 275 so that the magnetic poles reverse at substantially equal 
intervals, it isalsopossibletoformtargetsbyprovidingaplurality 
of magnetic portions at substantially equal intervals on the 
circumferential surface of a nonmagnetic rotational member without 
5 magnetization so that the targets are magnetically discontinuous 
with respect to the peripheral portion. 

(Thirty-Fifth Embodiment) 

FIG. 98 is a schematic view showing the construction of 

10 Thirty-Fifth Embodiment of the rotational angle detecting device 
and torque detecting device according to the present invention. 

The rotational angle detecting device and torque detecting 
device of Thirty- Fifth Embodiment are constructed by magnetizing 
targets 277 having substantially the same configuration as the 

15 targets 260 including the first inclining portions 260a and the 
second inclining portions 260b so that the magnetic poles reverse 
at substantially equal intervals on the circumferential surface 
of a rotational member 276 which is coaxial ly fitted and secured 
on the input shaft 21a and the output shaft 21b. 

20 In Thirty-Fifth Embodiment, the targets 277 are magnetized 

on the circumferential surface of the disc-shaped rotational member 
276 made of magnetic material . As a result , it is possible to obtain 
the target s 2 77 lying on the circumferential surf ace of the rotational 
member 276, without forming the first inclining portions 260a and 

25 second inclining portions 260b as the protruding bars in the manner 
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described in Thirtieth Embodiment . 

The magnetic sensors LA, 2A and the magnetic sensors IB, 2B, 
which are positioned at different portions in the circumferential 
direction of the rotational member 276 to face the targets 277 and 
5 output detection signals continuously according to the rotation 
of the rotational member 276, have a phase difference of 90° in 
the electrical angle, for example, in the circumferential direction 
of the rotational member 276. Therefore, the detection signal of 
the magnetic sensor 1A and the detection signal of the magnetic 

10 sensor IB can be mutually complemented f orportions near the distorted 
regions where a maximum nonlinear change rate is marked, and the 
same thing can also be said about the detection signals of the magnetic 
sensors 2A and 2B. 

In Thirty- Fifth Embodiment, each of the magnetic sensors 1A, 

15 2A, IB, 2B that are positioned outside of the radial direction of 
the input shaft 21a and the output shaft 21b to face the targets 
277 outputs a detection signal approximately to a sine wave or a 
triangular wave according to the passage of each target 277. 

The detection signals have the maximum nonlinear change rate 

20 near the transition from rise to fall or fall to rise, but can be 
mutually complemented by the above -described signal processing 
method. 

Since other structures and functions are the same as those 
of Thirtieth Embodiment and Thirty- Fourth Embodiment , similar parts 
25 are designated with the same reference codes, and their detailed 
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explanation and the explanation of the functions are omitted. 

Further, in Thirty- Fifth Embodiment explained above, while 
the targets 277 having substantially the same configuration as 
the targets 260 including the first inclining portions 260a and 
the second inclining portions 260b are magnetized on the 
circumferential surf ace of the rotational member 276 made of magnetic 
material, it is also possible to use magnetic material to form 
targets having substantially the same configuration as the targets 
260 including the first inclining portions 260a and the second 
incliningportions260bonthecircumf erentialsurfaceof arotational 
member made of a nonmagnetic material and form the periphery of 
the targets made of the magnetic material as a nonmagnetic portion 
so that the targets are magnetically discontinuous with respect 
to the peripheral portion. Alternatively, it is possible to use 
a nonmagnetic material to form targets having substantially the 
same configuration as the targets 260 including the first inclining 
portions 260a and the second inclining portions 260b on the 
circumferential surface of a rotational member made of magnetic 
material and form the periphery of the targets made of the nonmagnetic 
material as a magnetic portion so that the targets are magnetically 
discontinuous with respect to the peripheral portion. 

(Thirty- Sixth Embodiment) 

FIG. 99 is a schematic view showing the constructions of 
a rotational angle detecting device and a torque detecting device 
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according to Thirty- Sixth Embodiment of the present invention, 
which are applied to a steering apparatus for an automobile. As 
shown in FIG. 99, an input shaft (a first shaft) 21a having an 
upper end portion connected to a steering wheel 1 and an output 
5 shaft (a second shaft) 21b having a lower end portion connected 
to a pinion 3 as a part of a steering mechanism, are coaxially 
connected to each other through a torsion bar (connecting shaft) 
6 having a small diameter so as to construct a steering shaft 21 
for connecting the steering wheel 1 and the steering mechanism. 
10 The rotational angle detecting device and the torque detecting 
device according to the present invention are constructed adjacent 
to a portion in which the input shaft 21a and the output shaft 
21b are connected to each other. The constructions will now be 
described. 

15 Adisc-shape target plate (rotational member) 271 is coaxially 

fitted and secured on the input shaft 21a at a position adjacent 
to one end portion connected to the output shaft 21b. The target 
plate 271 is formed in the form of a gear as shown in FIG. 99 so 
that the distance between the outer circumference 270 of the target 

20 plate 271 and the input shaft 21a changes with a rotation of the 
target plate 271. 

A similar target plate 271 is fitted and secured on the output 
shaft 21b at a position adjacent to one end portion connected to 
the input shaft 21a. The target plate 271 is formed in the form 

25 of a gear so that the distance between the outer circumference 
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270 of the target plate 271 and the output shaft 21b changes with 
a rotation of the target plate 271. The target plate 271 on the 
output shaft 21b side and the target plate 271 on the input shaft 
21a side are arranged so that the positions of the teeth are aligned 
5 in the circumferential direction. The portions of the outer 
circumference 270 at which the teeth of the target plate 271 are 
formed will be hereinafter referred to as the "targets". 

Two sensor boxes 11a and lib are disposed outside of the 
target plates 271 so that the sensor boxes 11a and lib face the 

10 targets 270 at different positions in the circumferential direction . 
The sensor boxes 11a and lib are secured and supported by a stationary 
portion, such as a housing that supports the input shaft 21a and 
the output shaft 21b. Amagnetic sensor (detecting means) 1A facing 
the target 270 for the input shaft 21aandamagnetic sensor (detecting 

15 means) 2A facing the target 270 for the output shaft 2 lb are contained 
in the sensor box 11a so that their positions in the circumferential 
direction are accurately aligned with each other. Similarly, a 
magnetic sensor (detecting means) IB facing the target 270 for 
the input shaft 21a and a magnetic sensor 2B (detecting means) 

20 facing the target 270 for the output shaft 21b are contained in 
the sensor box lib so that their positions in the circumferential 
direction are accurately aligned with each other. 

The magnetic sensors 1A, 2A, IB and 2B are sensors, such 
as the magneto-resistance effect elements (MR elements) , having 

25 electric characteristics that change owing to an action of amagnetic 
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field . The output voltage (detection signal ) of each sensor changes 
according to change in the ambient magnetic field. The outputs 
of the magnetic sensors 1A, 2A, IB and 2B are extracted to the 
outside of the sensor boxes 11a and lib and supplied to a signal 
5 processing unit 35 comprising a microprocessor . Since the magnetic 
sensors 1A, 2A, IB and 2B are used, targets made of magnetic material 
are used for the targets 270. 

The targets 270 that the magnetic sensors LA, 2A, IB and 
2B face are the outer circumferences of the target plates 271 in 

10 the gear form, and the distance from each of the magnetic sensors 
LA, 2A, IB and 2B changes with a rotation of each of the input 
shaft 21a and output shaft 21b as described above. Therefore, when 
the input shaft 21a and the output shaft 21b rotate about the axis, 
the distances between the targets 270 and the magnetic sensors 

15 1A, 2A, IB and 2B change periodically, and the magnetic sensors 
1A, 2A, IB and 2B output voltage signals (detection signals) in 
the form of sine waves or triangular waves according to the change 
in the rotational angles of the input shaft 21a and the output 
shaft 21b while the corresponding targets 270 are passing through 

20 the opposite positions. 

At this time, the output voltages of the magnetic sensors 
1A and IB correspond to the rotational angle of the input shaft 
21a having the corresponding targets 270. The output voltages of 
the magnetic sensors 2A and 2B correspond to the rotational angle 

25 of the output shaft 21b having the corresponding targets 270. 
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Therefore, therotationalangleof theinputshaf t21acanbecalculated 
from the output voltages of the magnetic sensors 1A and IB. The 
rotational angle of the output shaft 21b can be calculated from 
the output voltages of the magnetic sensors 2A and 2B. 
5 The difference between the output voltage of the magnetic 

sensor 1A and that of the magnetic sensor 2A, or the difference 
between the output voltage of the magnetic sensor IB and that of 
themagnetic sensor 2B, correspondstothedif f erence in the rotational 
angle (relative angular displacement) between the input shaft 21a 

10 and the output shaft 21b. The relative angular displacement 

corresponds to a torsional angle generated in the torsion bar 6 
for connecting the input shaft 21a and the output shaft 21b to 
eachother, the torsional anglebeinggeneratedowingtotherotational 
torque applied to the input shaft 21a. Therefore, the rotational 

15 torque applied to the input shaft 21a can be calculated based on 
the difference between the output voltages. 

In this embodiment, the targets 270 are provided for the 
input shaft 21a and the output shaft 21b that are connected to 
each other through the torsion bar 6 whose torsional characteristic 

20 has been known. When a rotating shaft having the known torsional 
characteristic is an object of detection, it is, of course, possible 
to directly provide targets 270 on positions apart from each other 
in the axial direction of the rotating shaft and detect the targets 
270 by the magnetic sensors. 

25 The rotational angle and the rotational torque are calculated 
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by the signal processing unit 35 to which the output voltages of 
the magnetic sensors 1A, 2A, IB and 2B are supplied. Since the 
procedures for the calculations are described in detail in Japanese 
Patent ApplicationNo. 11-100665 (1999) , etc. , filedby the applicant 
5 of this application, an explanation of the procedures is omitted 
here. In order to obtain accurate calculation results, the output 
characteristics of the magnetic sensors 1A and IB for the input 
shaft 21a and of the magnetic sensors 2A and 2B for the output 
shaft 21b must be constant. Moreover, the same output voltages 

10 must be generated by the magnetic sensors in response to the passage 
of the corresponding targets 270. 

FIG. 100 is graph showing an example of a state of change 
of the output voltages of the magnetic sensors 1A and IB for the 
input shaft 21a. The axis of abscissa of the graph stands for the 

1 5 rot at ional angle Oof the input shaft 2 la that i s anob j ec t of detect ion . 
A solid line in the graph indicates the output voltage of the magnetic 
sensor 1A, while a short dashed line indicates the output voltage 
of the magnetic sensor IB. When the target plate 271 having an 
outer circumference on which the targets 270 are juxtaposed as 

20 described above is used, the output voltage of each of the magnetic 
sensors 1A and IB has a sinusoidal waveform or a triangular waveform 
in which one period represents a rotation of the input shaft 21a 
by an amount corresponding to only one tooth. 

The reason why the two magnetic sensors 1A and IB are provided 

25 for the input shaft 21a is to prevent unreliable calculation of 
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the rotational angle based on an uncertain output voltage that 
is obtained from a region near the peak (the maximum value or minimum 
value) . The positions of the magnetic sensors 1A and IB in the 
circumferential direction of the target plate 271 are adjusted 
5 such that the magnetic sensors 1A and IB generate output voltages 
whose phases are shifted from each other as shown in FIG. 100. 
Thus, when either of the output voltages of the magnetic sensors 
1A and IB is present in the region near the peak, the other output 
voltage is present in a region other than the region near the peak. 

10 Therefore , byswitchingtwomagnetic sensors lAandlBunder condition 
that each output voltage changes to a level higher (or lower) than 
a predetermined threshold voltage, for example, and by setting 
a using range for the output voltage of each of the magnetic sensors 
1A and IB as illustrated in FIG. 100, it is possible to calculate 

15 the rotational angle over the entire circumference, based on the 
output voltage in a region other than the region near the peak. 

However, there is a difference in the state of change of 
the output voltages of the magnetic sensors 1A and IB, according 
to the output characteristics of the magnetic sensors 1A and IB. 

20 FIG. 100 shows a case where the output characteristics of the magnetic 
sensors 1A and IB are considerably different from each other. The 
difference in the output characteristics appears as the difference 
in the gains of the output voltages as illustrated in FIG. 100. 
For example, if the rotational angle from the start point of each 

25 using range is identically 9 0 , output voltage VIA is obtained when 
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the magnetic sensor 1A is used. On the other hand, output voltage 
V1B is obtained when the magnetic sensor IB is used. Thus, the 
rotational angle that is calculated based on such output voltages 
varies according to whether or not the magnetic sensor 1A or the 
5 magnetic sensor IB is used. 

Moreover, the output characteristics of the magnetic sensors 
1A and IB change owing to the influence of the temperature, and 
also change with time . Therefore, the rotational angle calculated 
based on the output voltage of the same magnetic sensor (1A or 

10 IB) , include an error resulting from the influence of the ambient 
temperature and an error resulting from the passage of time. An 
error resulting from the difference in the output characteristic 
in calculating the rotational angle identically applies to the 
magnetic sensors 2A and 2B for the output shaft 21b. As described 

15 above, the rotational torque calculated by using the difference 
in the output voltage between the magnetic sensors 1A and 2A or 
the difference in the output voltage between the magnetic sensors 
IB and 2B also includes a similar error. 

FIG. 101 is a graph showing another example of a state of 

20 change of the output voltage of one magnetic sensor (for example, 
the magnetic sensor 1A) . As described above, the output voltage 
of the magnetic sensor 1A has a sinusoidal or triangular waveform 
in which one period represents a rotational angle corresponding 
to one tooth of the target 270. 

25 As described above, the magnetic sensor 1A is secured and 
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supported by the stationary portion . On the other hand, the targets 
270 to be detected by the magnetic sensor 1A are juxtaposed on 
theoutercircumferenceof the input shaft 2 la that is freely rotatably 
supported. Therefore, if the concentricity between the portion 
5 to which the magnetic sensor 1A is secured and the input shaft 
21a cannot satisfactorily be maintained, or if the input shaft 
21a is staggered even though the concentricity is satisfactorily 
maintained, the air gap between the magnetic sensor 1A and each 
of the targets 270 changes during rotation. 

10 In the event of occurrence of such a change in the air gap 

occurs , when the air gap is small , the output voltage of the magnetic 
sensor 1A is raised owing to approach of the target 270. On the 
contrary, when the air gap is large, the output voltage is lowered 
owing to movement away from the target 270. An alternate long and 

15 short dash line shown in FIG. 101 indicates a fluctuation component 
of the air gap. When such a fluctuation component is present, the 
actual output voltage of the magnetic sensor 1A exhibits a state 
of change as indicated by a short dashed line in FIG. 101 because 
of the superimposition of the fluctuation component on the original 

20 periodical change indicated by a solid line in FIG. 101. As a result, 
when the rotational- angle from the start point of each using range 
is identically 9 0 , the obtainable output voltage varies in each 
period corresponding to each target 270 as indicated by VIA' and 
VIA" in FIG. 101. The accuracy of the rotational angle and the 

25 rotational torque calculated based on such output voltages 
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deteriorates . 

Therefore, when the signal processing unit 35 directly uses 
the output voltages of the magnetic sensors 1A, 2A, IB and 2B to 
calculate the rotational angle and the rotational torque , the results 
5 of the calculations include an error resulting from the difference 
in the gains of the output characteristics of the magnetic sensors 
1A, 2A, IB and 2B and an error resulting from the change (offset) 
of the air gaps from the targets 270. The present invention is 
constructed to prevent occurrence of such errors by causing the 
10 signal processing unit 35 to perform the following gain correcting 
operation and offset correcting operation. FIG. 102 is a flow chart 
showing the contents of the gain and offset correcting operations. 

The gain and offset correcting operations are performed as 
interruption processing for each of the magnetic sensors 1A, 2A, 
15 IB and 2B, during the calculations of the rotational angle and 
the rotational torque. The following description will explain a 
correction procedure for each of the magnetic sensors 1A and IB 
for detecting the input shaft 21a. 

The signal processing unit 35 monitors the output voltages 
20 of the magnetic sensors LA and IB sequentially fetched for the 
calculations of the rotational angle and the rotational torque. 
The signal processing unit 35 judges whether or not the input shaft 
21a subjected to detection has rotated by an amount corresponding 
to one tooth of the target 270 (an amount corresponding to one 
25 target) (step S2001) . When it is judged that the input shaft 21a 



*n *"3^n'T~Ti xrTj ~tj — ru ir^n -- ,M - u— " Try* '-tr-a n 

-C. U23» -fl- S» JL -«*2ti ^ tt=; ICi £31 

311 

rotatedbyanamountcorrespondingtoonetarget , thesignalprocessing 
unit 35 extracts the maximum value VlAnax and the minimum value VLPwi 
of the output voltage VIA of the magnetic sensor 1A and the maximum 
value VIBmax and the minimum value VIBnun of the output voltage V1B 
5 of the magnetic sensor IB during the rotation (S2002) . Then, the 
signal processing unit 35 calculates the differences V1A PP (= VIA^ 
— VlAmin) and V1B PP (= VIBmax — VIBmin) between the maximum and minimum 
values (S2003) . 

Next, the signal processing unit 35 applies the obtained 
10 diff erencesVlA PP andVlB PP to the followingequat ions soastocalculate 
corrective gains Kn+i and kn+i for the magnetic sensors 1A and IB, 
respectively (S2004) . 

Kn+i -KqX V1A PP / VlA PP o (16) 

kn +1 = ko x V1B PP / VIBppo (17) 
15 In the equations, each of VlA^o and VlB PPO is the difference 

(ref erencedif ference) between themaxiimimoutputvoltageandminimum 
output voltage obtainable during an amount of rotation corresponding 
to one tooth of the target 270 when a magnetic sensor having a 
reference output characteristic is used, and Kq and ko are reference 
20 gains set for the reference differences, respectively. 

FIG. 103 is a graph explaining the corrective gain calculated 
as described above, and illustrates a state of change of the output 
voltage of the magnetic sensor 1A. A solid line in FIG. 103 indicates 
an actual output voltage of the magnetic sensor 1A. As described 
25 above, the output voltage is a sinusoidal or triangular waveform 
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in which one period represents a rotational angle corresponding 
to one tooth of the target 270 . 

A short dashed line in FIG. 103 indicates a reference 
characteristic set for the magnetic sensor LA. This characteristic 
5 is set such that the output voltage periodically changes within 
the reference difference V1A PP0 in a similar periodic time. The 
reference gain Kq is a gain corresponding to the reference difference 
of the reference characteristic. Therefore, a value given by 
multiplying the actual output voltage VIA obtained from the output 

10 characteristic indicated by the solid line at an appropriate 
rotational angle by the corrective gain Kn + i given by the equation 
(16) becomes output voltage VA of the reference characteristic 
at the same rotational angle . Similarly, avaluegivenbymultiplying 
the output voltage V1B of the magnetic sensor IB by the corrective 

15 gain kn+i given by the equation (17) becomes output voltage VB of 
the reference characteristic set for the magnetic sensor IB. 

In the calculation of the rotational angle performed by the 
signal processing unit 35, the output voltages VIA and V1B of the 
magnetic sensors 1A and IB are not used as it is. In this case, 

20 by using the results of multiplying the output voltages VIA and 
V1B by the corrective gains Kn+i and kn +i given by equations (16) 
and (17) , the rotational angle can be always calculated based on 
the reference characteristic. Therefore, the influences of the 
difference in the output characteristics of the magnetic sensors 

25 LAandlBandthechangeintheoutputcharacteristicscanbeeliminated, 
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and the rotational angle of the input shaft 21a as an object of 
detect ioncanbeaccuratelycalculated. Further, theoutputvoltages 
V2A and V2B of the magnetic sensors 2A and 2B that are used for 
the detection of the output shaft 21b are subjected to exactly 
5 the same gain correct ion. It is thuspossible to improve theaccuracy 
of the calculation of the rotational torque performed as described 
above . 

Subscripts (n+1) provided for the corrective gains Kn +1 and 
kn+i indicate application to the output voltages VIA and V1B that 

10 are to be obtained during the next or n+l-th passage of the target 
(tooth) 270 after the present passage (n-th passage) . The signal 
processing unit 35 calculates a corrective gain for use during 
the passage of the next target (tooth) 270 whenever one target 
(tooth) 270 passes. 

15 As an alternative to the use of the differences V1A PP and 

VIBpp between the maximum and minimum values for the calculations 
of the corrective gains Kn+i and kn+i as shown in the equations (16) 
and (17) , the maximum values VlA^nax and VIBmax or the minimum values 
VIA^ and VIBmin may be used as it is. In this case, the maximum 

20 and minimum values include error components owing to the influence 
of the fluctuating air gaps between the magnetic sensors 1A, IB 
and the targets 270 during a rotation of the input shaft 21a. It 
is therefore preferable to use the differences V1A PP and V1B PP for 
the calculations of the corrective gains Kn+i and kn + i. 

25 Af ter calculating the correct ive gains Kn+iandkn+i as described 
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above, the signal processing unit 35 calculates an average value 
VlAnid ( = (VlAnax + VlAnin) / 2 ) of the output voltages of the magnetic 
sensor 1A and an average value VlBmid ( = (VIB^ + VlBmin) / 2) of 
the output voltages of the magnetic sensor IB (S2005) . Then, the 
5 obtained average values are applied to the following equations 
so as to calculate offset amounts C n +i and c n+ i for the magnetic sensors 
1A and IB, respectively (S2006) . 

C n+ i = VlAnid " VlA^do (18) 
c n+ i - VlB^d - VlB^do (19) 

10 In these equations, each of VLZWdo and VIBmido is an average 

value of the maximum output and the minimum output of the magnetic 
sensors LA, IB that are obtained during an amount of rotation 
corresponding to one tooth of the target 270 in a preferred state 
of use realized by eliminating fluctuation factors of the air gap, 

15 such as runout with respect to the target 270 and staggering of 
the input shaft 21a. 

FIG. 104 is a graph explaining the calculated offset amount . 
In FIG. 104 , a state of change of the output voltage of the magnetic 
sensor 1A is shown. The output voltage of the magnetic sensor 1A 

20 has a sinusoidal or triangular waveform between the maximum value 
VlAmax and the minimum value VIA^/ in which one period represents 
a rotational angle corresponding to one tooth of the target 270. 
As described above, the output voltage sometimes includes an error 
component resulting from the change in the air gap between the 

25 magnetic sensor 1A and each of the targets 270. 
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A solid line in FIG. 104 indicates a state of change of an 
actualoutputvoltageincludingsuchanerrorconponent . As indicated 
by an alternate long and short dash line, the output voltage has 
a midpoint varying in a moderate period according to the change 

5 in the air gap. The above-mentioned value VlAmid ( = (VIA^ + VlAniin) 
/ 2) is a voltage level of the midpoint within the rotational angle 
corresponding toone toothof the target 270. Note that C n+ i calculated 
by the equation (18) is an offset amount from the proper midpoint 
indicated by a thin line in FIG. 104, that is, a preferred midpoint 

10 obtained by eliminating the influence of the change in the air 
gap . Therefore , by adding the offset amount C n+ i to the actual output 
voltage VIA of the magnetic sensor 1A, it is possible to eliminate 
the fluctuation component of the air gap included in the output 
voltage VIA. Similarly, by adding the offset amount c n +i given by 

15 the equation (19) to the output voltage V1B of the magnetic sensor 
IB, it is possible to eliminate the fluctuation component of the 
air gap in the output voltage V1B. 

Instead of using the actual output voltages VIA and V1B of 
the magnetic sensors 1A and IB as it is for the calculation of 

20 the rotational angle by the signal processing unit 35 , if the results 
of the additionof the offset amounts C n+ i andc n+ i givenby the equations 
(18) and (19) to the output voltages VIA and V1B are used, it is 
possible to eliminate the influence of the change in the output 
caused by the change in the air gap and accurately calculate the 

25 rotational angle of the input shaft 21a subjected to detection. 
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Note that exactly the same offset corrections are performed for 
the output voltages V2A and V2B of the magnetic sensors 2A and 
2B that are used for the detection of the output shaft 21b. It 
is thus possible to improve the accuracy of the calculation of 
5 the rotational torque performed as described above. 

Similarly to the corrective gains Kn +1 and kn+i, subscripts 
(n+ 1 ) provided for the offset amounts C n+1 andc n +i indicate appl icat ion 
to the output voltages VIA and V1B that are to be obtained during 
the next or n+l-th passage of the target (tooth) 270 after the 

10 present passage (n-th passage) . The signal processing unit 35 
calculates an offset amount for use during the passage of the next 
target (tooth) 270 whenever one target (tooth) 270 passes. 

As an alternative to the use of the average values VlA^d 
and VlBmid of the maximum and minimum values for the calculations 

15 of the offset amounts C n+ i and c n +i as shown in the equations (18) 
and (19) # the maximum values VIA^ and VIB^ or the minimum values 
VlAmin and VlBmin may be used as it is. In this case, however, the 
maximum and minimum values include error components owing to the 
influence of the change in the output characteristics of the magnetic 

20 sensors 1A and IB as described above. Therefore, it is preferable 
to calculate the offset amounts C n+ i and c n+i by using the average 
values VlA^id and VlB^d. 

The signal processing unit 35 repeats the operations in steps 
S2001 through S2006 until all of the targets (teeth) 270 juxtaposed 

25 on the surface of the input shaft 21a have passed, that is, the 



317 

input shaft 2 la has completely rotated once (S2007) . When the signal 
processing unit 35 judges that one rotation has been completed, 
cumulative values (ZVlAnax# EVLAndn, SVlBmax and ZVlBmin) of the maximum 
values and the minimum values of the output voltages of the magnetic 
5 sensors 1A and IB extracted during this rotation are calculated 
(S2008) . Then, average gains Km and km during the one rotation are 
calculatedby the following equations (S2009) . The above operations 
are repeated until a predetermined operation ending condition, 
such as shutdown of power supply, is satisfied (S2010) . 

10 Km = Kq X (ZVlAmax- SVlAmin) / (Z X V1A PP0 ) (20) 

km = ko X (EVIBmax- EVIB^) / (Z X VIBppo) (21) 

Intheseequations, Zisthenumberof the targets 2 70 juxtaposed 
(the number of teeth) on the circumference of the input shaft 21a. 

The calculated average gains Km and km are average gains in 
15 the present detectionatmosphere . These values are usedas reference 
gains in calculating the corrective gains thereafter. 



(Thirty- Seventh Embodiment ) 

FIG. 105 is a schematic view showing the constructions of 

20 a rotational angle detecting device and a torque detecting device 
according to Thirty- Seventh Embodiment of the present invention, 
which are applied to a steering apparatus for an automobile. The 
rotational angle detecting device and torque detecting device 
comprise a sensor box 11 disposed at a stationary position outside 

25 of the target plates (rotational member) 271 to face the targets 
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270. 

The sensor box 11 is secured and supported by a housing H 
(partly shown) that supports the input. shaft (first shaft) 21a 
and the output shaft (second shaft) 21b. Two magnetic sensors 1A 
5 and IB (detecting means) facing the target 270 for the input shaft 
21a and two magnetic sensors 2A and 2B (detecting means) facing 
the target 270 for the output shaft 21b are contained in the sensor 
box 11, so that the magnetic sensors 1A, IB and the targets 270 
facing them form a sensor unit for detecting the rotational angle 

10 of the input shaft 21a, and the magnetic sensors 2A, 2B and the 
targets270facingthemformasensorunit fordetecting the rotational 
angle of the output shaft 21b. 

The magnetic sensors LAand IB are disposed to face the targets 
270 for the input shaft 21a so that the phases of the respective 

15 output voltages (detection signals) are shifted from each other, 
while the magnetic sensors 2A and 2B are disposed to face the targets 
270 for the output shaft 21b so that the phases of the respective 
output voltages (detection signals) are shifted from each other. 
The magnetic sensors 1A and 2 A are contained in the sensor box 

20 11 so that their positions in the circumferential direction are 
accurately aligned with each other, while the magnetic sensors 
IB and 2B are contained in the sensor box 11 so that their positions 
in the circumferential direction are accurately aligned with each 
other . Since other structures are the same as those of the rotational 

25 angle detecting device and torque detecting device illustrated 
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inFIG. 9 9of Thirty- SixthEn±odiment, thesameelementsaredesignated 
with the same codes and an explanation thereof is omitted. 

The f following description will explain the operations of 
the rotational angle detecting device and torque detecting device 
5 having such structures. 

The rotational angle detecting device and torque detecting 
device correct the output voltages of the magnetic sensors 1A, 
IB, 2A and 2B and always detect the maximum value and minimum value 
of each output voltage for use in the correcting operation in the 
10 same manner as explained in Thirty- Sixth Embodiment. 

FIG. 106 is a table of detection mode 0 through mode 6 showing 
the conditions of detecting the maximum values VAmax, VBmax and the 
minimum values VTWin, VBmm of the output voltages of the magnetic 
sensors LA, IB, 2Aand2B. Note that since the conditions of detecting 
15 the maximum value and minimum value are common to the output voltages 
VIA and V1B of the magnetic sensors 1A and IB for the input shaft 
21a and the output voltages V2A and V2B of the magnetic sensors 
2 A and 2B for the output shaft 21b, the output voltages are denoted 
as VA and VB. 

20 In this detection mode, in the waveform chart of the output 

voltages VA and VB shown in FIG. 107 , a predetermined voltage level 
that is higher than a voltage level at which the waveforms of the 
output voltages VA and VB crossed each other but is lower than 
a maximum value obtainable by each of the output voltages VA and 

25 VB is set as an upper bound threshold, while a predetermined voltage 
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level that is lower than a voltage level at which the waveforms 
of the output voltages VA and VB crossed each other but is higher 
than a minimum value obtainable by each of the output voltages 
VA and VB is set as a lower bound threshold. 
5 Mode 0 is an initial mode in which none of the output voltages 

VAandVB exceed the upper bound thresholdor the lower boundthreshold . 

Mode 1 is a condition in which the output voltage VA has 
exceeded the upper bound threshold . Thereafter , when the waveforms 
of the output voltages VA and VB have crossed each other, from 

10 the waveform chart of the output voltages VA and VB shown in FIG. 
107, a maximum value obtained by the output voltage VA in this 
period is taken as a maximum value to be found, and the maximum 
value VAnax is defined. Then, the detection mode is changed to 
later-described mode 2 . After the output voltage VA exceeded the 

15 upper bound threshold, when the output voltage VB has become lower 
than the lower bound threshold, the detection is interrupted and 
the detection mode is changed to later-described mode 6. 

Mode 2 is a condition in which the output voltage VB is in 
anincreasing (rightward-rising) regioninFIG. 107 and the wave forms 

20 of theoutput voltages VAandVB have crossed each other. Thereafter, 
when the output voltage VB has exceeded the upper bound threshold, 
a minimum value obtained by the output voltages VA in this period 
is taken as a minimum value to be found, and the minimum value 
VAmin is defined. Then, the detection mode is changed to 

25 later-described mode 4 . 
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Mode 3 is a condition in which the output voltage VA has 
become lower than the lower bound threshold. Thereafter, when the 
waveforms of the output voltages VA and VB have crossed each other, 
from the waveform chart of the output voltages VA and VB shown 
5 in FIG. 107, a minimum value taken by the output voltage VA in 
this period is taken as a minimum value to be found, and the minimum 
value VAmin is defined. Then, the detection mode is changed to mode 
2 . After the output VA became lower than the lower bound threshold, 
when the output voltage VB has exceeded the upper bound threshold, 

10 the detection is interrupted and the detection mode is changed 
to later-described node 4 . 

Mode 4 is a condition in which the output voltage VA has 
exceeded the upper bound threshold . Thereafter , when the waveforms 
of the output voltages VA and VB have crossed each other, from 

15 the waveform chart of the output voltages VA and VB shown in FIG. 
107, a maximum value obtained by the output voltage VB in this 
period is taken as a maximum value to be found, and the maximum 
value VBmax is defined. Then, the detection mode is changed to 
later-described mode 5 . After the output VB exceeded the upper 

20 bound threshold, when the output voltage VA has become lower than 
the lower bound threshold, the detection is interrupted and the 
detection mode is changed to mode 3 . 

Mode 5 is a condition in which the output voltage VA is in 
anincreasing (rightward-rising) regioninFIG. 107 and the wave forms 

25 of the output voltages VA and VB have crossed each other . Thereafter , 
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when the output voltage VA has become lower than the lower bound 
threshold, from the waveform chart of the output voltages VA and 
VB shown in FIG . 107 , a maximum value obtained by the output voltages 
VB in this period is taken as a maximum value to be found, and 
the maximum value VB^ax is defined. Then, the detection mode is 
changed to mode 3 . 

Mode 6 is a condition in which the output voltage VB has 
become lower than the lower bound threshold. Thereafter, when the 
waveforms of the output voltages VA and VB have crossed each other, 
from the waveform chart of the output voltages VA and VB shown 
in FIG. 107, a minimum value obtained by the output voltage VB 
in this period is taken as a minimum value to be found, and the 
minimum value VBmin is defined. Then, the detection mode is changed 
to mode 5 . After the output VB became lower than the lower bound 
threshold, when the output voltage VA has exceeded the upper bound 
threshold, the detection is interrupted and the detection mode 
is changed to mode 1 . 

The following description will explain the operations of 
the rotational angle detecting device and torque detecting device, 
for correcting the output voltages of the magnetic sensors 1A, 
IB, 2A and 2B by using the detection mode as described above, with 
reference to the flow charts of FIG. 108 through FIG. 117 showing 
the operations . Note that , as described above, the output voltages 
VIA and V1B of the magnetic sensors 1A and IB and the output voltages 
V2A and V2B of the magnetic sensors 2A and 2B are denoted as the 
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output voltages VA and VB, and the torque detecting device performs 
similar operations for the input shaft 21a and the output shaft 
21b. 

First, the signal processing unit 35 of the rotational angle 
5 detecting device and torque detecting device detects and updates 
the maximum value and minimum value of each of the output voltages 
VA and VB (S2012) . 

Next, the signal processing unit 35 judges whether or not 
the detection of the output voltages VA and VB of the two sensors 
10 has been completed (S2014) , and returns process if the detection 
has not been completed. 

If the detection of the output voltages VA and VB of the 
two sensors has been completed (S2014) , the signal processing unit 
35 calculates the gain correction coefficients explained in 
15 Thirty- Sixth Embodiment by using the maximum values and minimum 
values detected and updated in S2012 (S2016) . 

After calculating the gain correction coefficients (S2016) , 
the signal processing unit 35 calculates the offset correction 
coefficients as explained in Thirty-Sixth Embodiment by using the 
20 maximum values and minimum values detected and updated in S2012 
(S2018) . Then, the signal processing unit 35 corrects the detected 
output voltages VA and VB (S2014) by using the calculated gain 
correct ion coef f icientsandof f set correct ion coef f icients (S2020) . 

The rotational angle detecting device detects the rotational 
25 angle of the input shaft 21a or the output shaft 21b based on the 
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corrected output voltages VA, VB (S2020) . The torque detecting 
device detects the torque applied to the input shaft 21a, based 
on the detected rotational angles of the input shaft 21a and output 
shaft 21b, and outputs the result. 

For the detection and updating of the maximum values and 
minimum values of the output voltages VA and VB (S2012) , the signal 
processing unit 35 judges whether or not the detection condition 
is mode 1 (FIG. 109, S2022) . If the detection condition is mode 
1, the signal processing unit 35 enters in a mode for detecting 
the maximum value VA^ax of the output voltage VA and executes the 
operations of this mode (S2036) , and returns process. 

If the detection condition is not mode 1 (S2022) , the signal 
processing unit 35 judges whether or not the detection condition 
is mode 2 (S2024) . If the detection condition is mode 2, the signal 
processing unit 35 enters in a mode for detecting the minimum value 
VAmin of the output voltage VA and executes the operations of this 
mode (S2038) , and returns process. 

If the detection condition is not mode 2 (S2024) , the signal 
processing unit 35 judges whether or not the detection condition 
is mode 3 (S2026) . If the detection condition is mode 3, the signal 
processing unit 35 enters in a mode for detecting the minimum value 
VTWn of the output voltage VA and executes the operations of this 
mode (S2040) , and returns process. 

If the detection condition is not mode 3 (S2026) , the signal 
processing unit 35 judges whether or not the detection condition 
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is mode 4 (S2028) . If the detection condition is mode 4 , the signal 
processing unit 35 enters in a mode for detecting the maximum value 
VBmax of the output voltage VB and executes the operations of this 
mode (S2042) , and returns process. 
5 If the detection condition is not mode 4 (S2028) , the signal 

processing unit 35 judges whether or not the detection condition 
is mode 5 (S2030) . If the detection condition is mode 5, the signal 
processing unit 35 enters in a mode for detecting the maximum value 
VBroax of the output voltage VB and executes the operations of this 

10 mode (S2044) , and returns process. 

If the detection condition is not mode 5 (S2030) , the signal 
processing unit 35 judges whether or not the detection condition 
is mode 6 (S2032) . If the detection condition is mode 6, the signal 
processing unit 35 enters in a mode for detecting the minimum value 

15 VBmin of the output voltage VB and executes the operations of this 
mode (S2046) , and returns process. 

If the detection condition is not mode 6 (S2032) , the signal 
processing unit 35 judges that the detection condition is the initial 
mode 0 and executes the operations of the initial mode (S2034) , 

20 and returns process. 
(Mode 0) 

When the signal processing unit 35 has entered in the initial 
mode 0 (FIG. 109, S2034) , it judges which of the output voltages 
VA and VB sampled in the last cycle was in an increasing region 
25 shown by a thick line in FIG. 107 (FIG. Ill, S2341) . If the output 
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voltage VA was in the increasing region, the signal processing 
unit 35 judges whether or not the output voltage VA has exceeded 
the upper bound threshold (S2342) . 

If the output voltage VA has not exceeded the upper bound 
5 threshold (S2342) , the signal processing unit 35 judges whether 
or not the output voltage VA has become lower than the lower bound 
threshold (S2343) . If the output voltage VA has not become lower 
than the lower bound threshold, the signal processing unit 35 judges 
whether or not the waveforms of the output voltages VA and VB have 

10 crossed each other (S2344) . 

If the waveforms of the output voltages VA and VB have not 
crossed each other (S2344) , the signal processing unit 35 returns 
process immediately. On the other hand, if the waveforms of the 
output voltages VA and VB have crossed each other (S2344) , the 

15 signal processing unit 35 judges that the condition of detecting 
the maximum values and minimum values of the output voltages VA 
and VB is mode 5 (S2353) , and returns process. 

I f the output voltage VA has exceeded the upper bound threshold 
(S2342) , the signal processing unit 35 judges that the condition 

20 of detecting the maximum values and minimum values of the output 
voltages VA and VB is mode 1 (S2351) , and returns process. 

If the output voltage VA has become lower than the lower 
bound threshold (S2343) , the signal processing unit 35 judges that 
the condition of detecting the maximum values and minimum values 

25 of the output voltages VA and VB is mode 3 (S2352) , and returns 
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process . 

In the output voltages VA and VB sampled in the last cycle, 
if the output voltage VA was not in an increasing region (S2341) , 
the signal processing unit 35 judges whether or not the output 
5 voltage VB has exceeded the upper bound threshold (S2345) . 

If the output voltage VB has not exceeded the upper bound 
threshold (S2345) , the signal processing unit 35 judges whether 
or not the output voltage VB has become lower than the lower bound 
threshold (S2346) . If the output voltage VB has not become lower 
10 than the lower bound threshold, the signal processing unit 35 judges 
whether or not the waveforms of the output voltages VA and VB have 
crossed each other (S2347) . 

If the waveforms of the output voltages VA and VB have not 
crossed each other (S2347) , the signal processing unit 35 returns 
15 process immediately. On the other hand, if the waveforms of the 
output voltages VA and VB have crossed each other (S2347) , the 
signal processing unit 35 judges that the condition of detecting 
the maximum values and minimum values of the output voltages VA 
and VB is mode 2 (S2350) , and returns process. 
20 If the output voltage VB has exceeded the upper bound threshold 

(S2345) , the signal processing unit 35 judges that the condition 
of detecting the maximum values and minimum values of the output 
voltages VA and VB is mode 4 (S2348) , and returns process. 

If the output voltage VB has become lower than the lower 
25 bound threshold (S2346) , the signal processing unit 35 judges that 
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the condition of detecting the maximum values and minimum values 
of the output voltages VA and VB is mode 6 (S2349) , and returns 
process . 

(Mode 1) 

5 When the signal processing unit 35 has entered in mode 1 

for detecting the maximum value VAmax of the output voltage VA (FIG. 
109, S2036) , it judges whether or not the output voltage VB has 
become lower than the lower bound threshold (FIG. 112, S2361) . 
If the output voltage VB has not become lower than the lower bound 
10 threshold, the signal processing unit 35 judges whether or not 
the waveforms of the output voltages VA. and VB have crossed each 
other (S2362) . 

If the waveforms of the output voltages VA and VB have not 
crossed each other (S2362) , the signal processing unit 35 judges 
1 5 whether or not the output vol t age VA has exceeded a t emporary maximum 
value VArnax-pre of the output voltage VA after entering in this mode 
for detecting the maximum value VA^ (S2363) . 

If the output voltage VA has exceeded the temporary maximum 
value VAmax-pre (S2363) , the signal processing unit 35 sets the output 
20 voltage VA as a new temporary maximum value VAmax-pre (S2364) , and 
returns process. If the output voltage VA has not exceeded the 
temporary maximum value VAmax-^re (S2363) , the signal processing unit 
35 returns process immediately. 

I f the waveforms of the output voltages VA and VB have crossed 
25 eachother (S2362) , thesignalprocessingunit35def ines the temporary 
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maximum value VAmax-^re of the output voltage VA after entering in 
this mode for detecting the maximum value VAmax, as the maximum value 
VA^nax of the output voltage VA. (S2366) . Then, the signal processing 
unit 35 judges that the condition of detecting the maximum values 
5 and minimum values of the output voltages VA and VB is mode 2 (S2367) , 
clears mode 1 for detecting the maximum value VA^ and sets the 
temporary maximum value VTWx-pre as the midpoint voltage Vmid of the 
output voltages (S2368) , and returns process. 

If the output voltage VB has become lower than the lower 

10 bound threshold (S2361) , the signal processing unit 35 judges that 
the condition of detecting the maximum values and minimum values 
of the output voltages VA and VB is mode 6 (S2365) , clears mode 
1 for detecting the maximum value VA^ax and sets the temporary maximum 
value VAnox-pre as the midpoint voltage Vmid of the output voltages 

15 (S2368) , and returns process. 
(Mode 2) 

When the signal processing unit 35 has entered in mode 2 
for detecting the minimum value VA^ of the output voltage VA (FIG. 
109, S2038) , it judges whether or not the output voltage VB has 
20 exceeded the upper bound threshold (FIG. 113, S2382) . 

If the output voltage VB has not exceeded the upper bound 
threshold (S2382) , the signal processing unit 35 judges whether 
or not the output voltage VA has become lower than a temporary 
minimum value VAmin-pre of the output voltage VA after entering in 
25 this mode for detecting the minimum value VT^m (S2385) . 
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If the output voltage VA has become lower than the temporary 
minimum value VA^i^.^ (S2385) , the signal processing unit 35 sets 
the output vol tageVAas a new terrpora3^minimumvalueV?Wi-^)re (S2386) , 
and returns process . If the output voltage VA has not become lower 
5 thanthetemporarynunimum^^ (S2385) , thesignalprocessing 

unit 35 returns process immediately. 

I f the output voltage VB has exceeded the upper bound threshold 
(S2382) , the signal processing unit 35 defines the temporary minimum 
value VAroin-pre of the output voltage VA after entering in this mode 
10 for detecting the minimum value V7Wn/ as the minimum value VAmm 
of the output voltage VA (S2389) . Then, the signal processing unit 
35 judges that the condition of detecting the maximum values and 
minimum values of the output voltages VA and VB is mode 4 (S2390) , 
clears the mode for detecting the minimum value VTWi and sets the 
15 temporary maximum value VP^^^ as the midpoint voltage V^d of the 
output voltages (S2391) , and returns process. 

(Mode 3) 

When the signal processing unit 35 has entered in mode 3 
for detecting the minimum value VAmin of the output voltage VA (FIG. 

20 109, S2040) , it judges whether or not the output voltage VB has 
exceeded the upper bound threshold (FIG. 114 , S2401) If the output 
voltage VB has not exceeded the upper bound threshold, the signal 
processing unit 35 judges whether or not the waveforms of the output 
voltages VA and VB have crossed each other (S2402) . 

25 If the waveforms of the output voltages VA and VB have not 



■m "i-axTi'n j-a ~v — ■—a ~wv tf ~m~*n a — —a 

-a. a^s tj^ii _m_ r^i> B1 u e e s» u 

331 

crossed each other (S2402) , the signal processing unit 35 judges 
whether or not the output voltage VA has become lower than a temporary 
minimum value VTWn-pre of the output voltage VA after entering in 
this mode for detecting the minimum value VT^dn (S2403) . 
5 If the output voltage VA has become lower than the temporary 

minimum value V7Wn-^re (S2403) , the signal processing unit 35 sets 
the output vol tage VA as a new temporary minimum value VAmin-^re (S2404) , 
and returns process . If the output voltage VA has not become lower 

thanthetenporaryTTuniTmnr^alueV2W^>re (S2403) , thesignalprocessing 

10 unit 35 returns process immediately. 

If the waveforms of the output voltages VA and VB have crossed 
eachother (S2402) , thesignalprocessingunit35def ines the temporary 
minimum value VAmin-pre of the output voltage VA after entering in 
this mode for detecting the minimum value VAmin, as the minimum value 

15 VAminOf the output voltage VA (S2406) . Then, the signal processing 
unit 35 judges that the condition of detecting the maximum values 
and minimum values of the output voltages VA and VB is mode 2 (S2407) , 
clears mode 3 for detecting the minimum value VA^ and sets the 
temporary maximum value VTW^re as the midpoint voltage Vmid of the 

20 output voltages (S2408) , and returns process. 

I f the output voltage VB has exceeded the upper bound threshold 
(S2401) , the signal processing unit 35 judges that the condition 
of detecting the maximum values and minimum values of the output 
voltages VA and VB is mode 4 (S2405) , clears mode 3 for detecting 

25 the minimum value VA^in and sets the temporary maximum value VTWn-pre 
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as the midpoint voltage Vm±d of the output voltages (S2408) , and 
returns process. 
(Mode 4) 

When the signal processing unit 35 has entered in node 4 
5 for detecting the maximum value VBmax of the output voltage VB (FIG. 
109, S2042) , it judges whether or not the output voltage VA has 
become lower than the lower bound threshold (FIG. 115, S2421) . 
If the output voltage VA has not become lower than the lower bound 
threshold, the signal processing unit 35 judges whether or not 
10 the waveforms of the output voltages VA and VB have crossed each 
other (S2422) . 

If the waveforms of the output voltages VA and VB have not 
crossed each other (S2422) , the signal processing unit 35 judges 
whether or not the output voltage VB has exceeded a temporary maximum 

15 value VBmax-^>re of the output voltage VB after entering in this mode 
for detecting the maximum value VBmax (S2423) . 

If the output voltage VB has exceeded the temporary maximum 
value VBmax-^re (S2423) , the signal processing unit 35 sets the output 
voltage VB as a new temporary maximum value VBmax-pre (S2424) , and 

20 returnsprocess . If theoutputvoltageVBhasnot exceed the temporary 
maximum VBmax-pre (S2423) , the signal processingunit 35 returnsprocess 
immediately. 

If the waveforms of the output voltages VA and VB have crossed 
eachother (S2422) , thesignalprocessingunit35def ines the temporary 
25 maximum value VBmax-pre of the output voltage VB after entering in 
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this mode for detecting the maximum value VBmax/ as the maximum value 
VBmaxOf the output voltage VB (S2426) . Then, the signal processing 
unit 35 judges that the condition of detecting the maximum values 
and minimum values of the output voltages VA and VB is mode 5 (S2427) , 
5 clears mode 4 for detecting the maximum value VBmax and sets the 

temporary maximum value VBmax-^re as the midpoint voltage Vmid of the 
output voltages (S2428) , and returns process. 

If the output voltage VA has become lower than the lower 
bound threshold (S2421) , the signal processing unit 35 judges that 

10 the condition of detecting the maximum values and minimum values 
of the output voltages VA and VB is mode 3 (S2425) , clears mode 
4 for detecting the maximum value VBmax and sets the temporary maximum 
value VBmax-pre as the midpoint voltage Vmid of the output voltages 
(S2428) , and returns process. 

15 (Mode 5) 

When the signal processing unit 35 has entered in mode 5 
for detecting the maximum value VBmax of the output voltage VB (FIG. 
109, S2044) , it judges whether or not the output voltage VA has 
become lower than the lower bound threshold (FIG. 116, S2441) . 

20 If the output voltage VA has not become lower than the lower 

bound threshold (S2441) , the signal processingunit 35 judges whether 
or not the output voltage VB has exceeded a temporary maximum value 
VBmax-pre of the output voltage VB after entering in this mode for 
detecting the maximum value VBmax (S2443) . 

25 If the output voltage VB has exceeded the temporary maximum 
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value VBmax-pre (S2443) , the signal processing unit 35 sets the output 
voltage VB as a new temporary maximum value VBmax-pre (S2444) . If 
the output voltage VB has not exceeded the temporary maximum value 
VBmax-pre (S2443) , the signal processing unit 35 returns process 
5 immediately. 

If the output voltage VA has become lower than the lower 
bound threshold (S2441) , the signal processing unit 35 defines 
the temporary maximum value VBmax-pre of the output voltage VB after 
entering in this mode for detecting the maximum value VBmax and minimum 

10 value VBmin as the maximum value VBmax of the out put voltage VB (S2447) . 
Then, the signal processing unit 35 judges that the condition of 
detecting the maximumvaluesandminimumvalues of the output voltages 
VA and VB is mode 3 (S2448) , clears the mode for detecting the 
maximum value VBmax and sets the temporary maximum value VBmax-pre 

15 as the midpoint voltage Vmid of the output voltages (S2452) , and 
returns process. 
(Mode 6) 

When the signal processing unit 35 has entered in mode 6 
for detecting the minimum value VBmin of the output voltage VB (FIG. 

20 109, S2046) , it judges whether or not the output voltage VA has 
exceeded the upper bound threshold (FIG. 117, S2461) . If the output 
voltage VA has not exceeded the upper bound threshold, the signal 
processing unit 35 judges whether or not the waveforms of the output 
voltages VA and VB have crossed each other (S2462) . 

25 If the waveforms of the output voltages VA and VB have not 
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crossed each other (S2462) , the signal processing unit 35 judges 
whether or not the output voltage VB has become lower than a temporary 
minimum value VBmin-pre of the output voltage VB after entering in 
this mode for detecting the minimum value VBmin (S2463) . 
5 If the output voltage VB has become lower than the temporary 

minimum value VBmin^re (S2463) , the signal processing unit 35 sets 
the output volt age VB as a new teirporaryrrunimum value VBmi^-pre (S2464) , 
and returns process . If the output voltage VB has not become lower 
thanthetemporaryminir^ (S2463) , thesignalprocessing 

10 unit 35 returns process immediately. 

If the waveforms of the output voltages VA and VB have crossed 
eachother (S2462) , thesignalprocessingunit35def ines the temporary- 
minimum value VBmin-pre of the output voltage VB after entering in 
this mode for detecting the minimum value VBmin as the minimum value 

15 VBtnin of the output voltage VB (S2466) . Then, the signal processing 
unit 35 judges that the condition of detecting the maximum values 
and minimum values of the output voltages VA and VB is mode 5 (S2467) , 
clears mode 6 for detecting the minimum value VBmin and sets the 
temporary maximum value VBmin-pre as the midpoint voltage Vmid of the 

20 output voltages (S2468) , and returns process. 

I f the output voltage VA has exceeded the upper bound threshold 
(S2461) , the signal processing unit 35 judges that the condition 
of detecting the maximum values and minimum values of the output 
voltages VA and VB is mode 1 (S2465) , clears mode 6 for detecting 

25 the minimum value VB^p and sets the temporary maximum value VBmin-pre 



IUB IL-B «3» C3J -JV. JC6 ja H-U B& JE: -S-fl «S: 



336 

as the midpoint voltage V^d of the output voltages (S2468) , and 
returns process . 

(Output Voltage Correction) 

In the step of calculating a gain correction coefficient 
5 (FIG. 108, S2016) , the signal processing unit 35 calculates a gain 
correction coefficient KA = V PP0 / (VA^ - VA^) for the magnetic 
sensors 1A and 2A (FIG. 110A, S2161) by using the maximum value 
VAnax and the minimum value V7Wn of the output voltage VA detected 
by any one of the above -described mode 1 through mode 6 and the 

10 difference (reference difference) V PP0 between the maximum output 
voltage and the minimum output voltage which were obtained during 
an amount of rotation corresponding to one tooth of the target 
270 by the use of a magnetic sensor having a reference output 
characteristic. The signal processing unit 35 also calculates a 

15 gain correction coefficient KB = V PP0 / (VBmax — VBmin) for the magnetic 
sensors IB and 2B (S2162) by using the maximum value VBmax and the 
minimum value VBmin of the output voltage VB detected by any one 
of the above -described mode 1 through mode 6 and the reference 
difference V PP0 . 

20 In the step of calculating an offset correction coefficient 

(FIG. 108, S2018) , the signal processing unit 35 calculates an 
of f set correction coefficient V7Wd= (VA nQX + VAn^n) / 2 for the magnetic 
sensors 1A and 2A (FIG. HOB, S2181) by using the maximum value 
VAmax and the minimum value VAndn of the output voltage VA detected 

25 by any one of the above -de scribed mode 1 throughmode 6 , and calculates 
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an offset correction coefficient VBmi d = (VBmax + VBmiJ / 2 for the 
magnetic sensors IB and 2B (S2182) by using the maximum value VBmax 
and the minimum value VBmin of the output voltage VB detected by 
any one of the above -described mode 1 through mode 6. 
5 In the step (FIG. 108, S2020) of correcting the detected 

output voltages VA and VB of the magnetic sensors 1A, 2A, IB and 
2B (FIG. 108, S2014) , the signal processing unit 35 calculates 
and corrects an output voltage VA' = (VA - VA mid) x KA + Vmid (FIG. 
HOC, S2201) by using the calculated gain correction coefficient 

10 KA (FIG. 110A, S2161) andthecalculatedof f set correct ioncoef f icient 
VAmid (FIG. HOB, S2181) , and calculates and corrects an output 
voltage VB' = (VB - VB mid) x KB + v^td (FIG. HOC, S2202) by using 
the calculated gain correction coefficient KB (FIG. 110A, S2162) 
and the calculated offset correction coefficient VB mid (FIG. HOB, 

15 S2182) . 

(Thirty- Eighth Embodiment) 

FIG. 118 is a schematic view showing the constructions of 
a rotational angle detecting device and a torque detecting device 

20 according to Thirty-Eighth Embodiment of the present invention, 
which are applied to a steering apparatus for an automobile. The 
rotational angle detecting device and torque detecting device 
comprise a sensor box 11c disposed at a stationary position outside 
of the target plates (rotational members) 271 to face the targets 

25 270. 
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The sensor box 11c is secured and supported by a housing 
H (partly shown) that supports the input shaft (first shaft) 21a 
and the output shaft (second shaft) 21b. Two magnetic sensors 
(detecting means) 1A and IB facing the target 270 for the input 
5 shaft 21a and two magnetic sensors (detecting means) 2A and 2B 
facing the target 270 for the output shaft 21b are contained in 
the sensor box 11c, so that the magnetic sensors 1A, IB and the 
target 270 facing the magnetic sensors 1A, IB constitute a sensor 
unit for detecting the rotational angle of the input shaft 21a, 
10 and the magnetic sensors 2A, 2B and the target 270 facing the magnetic 
sensors 2A, 2B constitute a sensor unit for detecting the rotational 
angle of the output shaft 21b. 

The outputs of the magnetic sensors 1A, 2A, IB and 2B are 
extracted to the outside of the sensor box 11c and supplied to 
15 a signal processing unit 35a comprising a microprocessor. 

Moreover, the sensor box 11c contains therein a temperature 
detector (temperature detecting means) 50 for detecting the 
temperatureof the magnetic sensors 1A, IB, 2Aand2B. The temperature 
'detected by the temperature detector 50 is supplied to the signal 
20 processing unit 35a. 

The magnetic sensors 1A and IB are positioned to face the 
target 270 for the input shaft 21a so that the phases of their 
output voltages (detection signals) are shifted from each other, 
while the magnetic sensors 2A and 2B are positioned to face the 
25 target 270 for the output shaft 21b so that the phases of their 
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output voltages are shifted from each other. The magnetic sensor 
1A and the magnetic sensor 2A are contained in the sensor box 11c 
so that their positions in the circumferential direction are 
accurately aligned with each other. The magnetic sensor IB and 
5 the magnetic sensor 2B are contained in the sensor box 11c so that 
their positions in the circumferential direction are accurately 
aligned with each other. Since other structures are the same as 
those of the rotational angle detecting device and torque detecting 
device explained in Thirty-Sixth Embodiment, the same elements 

10 are designated with the same reference numerals and an explanation 
thereof is omitted. 

The following description will explain the operations of 
the rotational angle detecting device and torque detecting device 
having such structures, with reference to the flow charts of FIG. 

15 119 through FIG. 122 showing the operations. 

First , the signal processing unit 35a of the rotational angle 
detecting device and torque detecting device detects and updates 
the maximum value and minimum value of each of the output voltages 
VIA, V1B, V2A, V2Bof the magnetic sensors 1A, IB, 2A and 2B (S2050) . 

20 Next, the signal processing unit 35a judges whether or not 

the detection of the output voltages VIA, V1B, V2A, V2B of the 
magnetic sensors 1A, IB, 2A and 2B has been completed (S2052) . 
If the detection has been completed, the signal processing unit 
35a reads the temperature detected by the temperature detector 

25 50 (S2054) . 
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The signal processing unit 35a calculates the difference 
between the read temperature (S2054) andatemperature (tobedescribed 
later) which was detected by the temperature detector 50 and read 
when the maximum value and minimum value of each of the output 
5 voltages VIA, V1B, V2A, V2B were detected and updated (S2050) , 
and judges whether or not the absolute value of the difference 
exceeds a predetermined value (S2056) . 

If the absolute value of the difference does not exceed the 
predetermined value (S2056) , the signal processing unit 35a 

10 calculates the gain correction coefficients explained in 

Thirty-Sixth Embodiment (S2016) by using the detected and updated 
maximum and minimum values (S2050) . 

After calculating the gain correction coefficients (S2016) , 
the signal processing unit 35a calculates the offset correction 

15 coefficients explained in Thirty- Sixth Embodiment (S2018) by using 
the detected and updated maximum and minimum values (S2050) , and 
then corrects the detected output voltages VIA, V1B, V2A and V2B 
(S2052) by using the calculated gain correction coefficients and 
offset correction coefficients (S2020) . 

20 The rotational angle detecting device detects the rotational 

angle of the input shaft 21a or the output shaft 21b based on the 
corrected output voltages VIA, V1B, V2AandV2B (S2020) . The torque 
detecting device detects the torque applied to the input shaft 
21a, based on the detected rotational angles of the input shaft 

25 21a and output shaft 21b, and outputs the result. 
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If the detection of the output voltages VIA, V1B, V2A and 
V2B of the magnetic sensors 1A, IB, 2A and 2B has not been completed 
(S2052) , or if the absolute value of the difference exceeds the 
predetermined value (S2056) , the signal processing units 35a 
5 invalidates the operations executed up to this point for correcting 
the output voltages VIA, VLB, V2A and V2B (S2058) , and returns 
process . 

Here, for the detection and updating of the maximum value 
and minimum value of each of the output voltages VIA, V1B, V2A 

10 and V2B of the magnetic sensors 1A, IB, 2A and 2B (S2050) , the 
signal processing unit 35a detects and updates the maximum value 
and minimum value of each of the output voltages VIA, V1B, V2A, 
V2B of the magnetic sensors 1A, IB, 2A and 2B as explained in 
Thirty- Seventh Embodiment (FIG. 108, S2012) , and rewrites the 

15 detection condition flag of each of the output voltages when the 
maximum value or the minimum value was detected. 

The signal processing unit 35a has two flags, namely the 
flag IN indicating the detection conditions of the magnetic sensors 
1A and IB for the input shaft 21a and the flag OUT indicating the 

20 detection conditions of the magnetic sensors 2A and 2B for the 
output shaft 21b. Each flag is zero in the initial state (clear 
state) . 

Whenever the maximum value or the minimum value of each of 
the output voltages was detected, the flags IN and OUT become such 
25 that 
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maximum value VTA^^: IN = 1, 

minimum value VlAmjn: IN = 2, 
maximum value VIB^: IN = 3, 

minimum value VIB^: IN = 4, 
5 maximum value V2A niax : OUT = 1, 

minimum value V2A m i J1 : OUT = 2, 
maximum value V2B max : OUT = 3, 

minimum value V2B min : OUT = 4. 
When the values of the flag (IN) for the input shaft 21a 
10 and the flag (OUT) for the output shaft 21b coincide with each 
other, the signal processing unit 35a updates the maximum value 
or the minimum value and uses the updated value for the output 
voltage correcting operation. 

When the detection timing of the maximum value or the minimum 
15 value for the input shaft 21a and that for the output shaft 21b 
differ from each other because of torsion of the torsion bar 6 
caused by torque, a flag which was detected previously and has 
a rewritten value is brought into a standby state. 

When the direction of rotation of the steering wheel 1 has 
20 changed and a value different from that of the flag in a standby 
state is rewritten, the signal processing unit 35a clears both 
of the flags temporarily. When both the flags were rewritten by 
the same value simultaneously according to the latest detection 
condition, the signal processing unit 35a validates the flags and 
25 updates the maximum value or minimum value of the output voltage . 
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For the detect ion and updat ing of the maximum value and minimum 
value of each of the output voltages VIA, V1B, V2A and V2B of the 
magnetic sensors 1A, IB, 2A and 2B (S2050) , the signal processing 
unit 35a judges the values of the flag IN indicating the detection 
5 conditions of the magnetic sensors 1A and IB for the input shaft 
21a and the flag OUT indicating the detection conditions of the 
magnetic sensors 2A and 2B for the output shaft 21b (FIG. 120, 
S2066) . If flag IN ^ 0 and/or flag OUT * 0, the maximum value or 
minimum value has been newly detected, and thus the signal processing 

10 unit 35a performs a judgment of clear condition of the detection 
condition flag for bringing the newly written flag into a standby 
state and clearing the other flag (= 0) (S2068) . If flag IN * 0 
and/or flag OUT * 0 are not satisfied (S2066) , i.e., flag IN = 
0 and flag OUT = 0, since the detection condition has not changed, 

15 the signal processing unit 35a returns process. 

Next, the signal processing unit 35a judges whether or not 
the flags IN and OUT have the same value (S2070) . If they have 
the same value, the signal processing unit 35a judges whether or 
not the flag IN is 1, i.e., whether or not the same value is 1 

20 (S2072) . 

If the same value is not 1 (S2072) , the signal processing 
unit 35a judges whether or not the flag IN is 2, i.e., whether 
or not the same value is 2 (S2072) . 

If the same value is not 2 (S2074) , the signal processing 
25 unit 35a judges whether or not the flag IN is 3, i.e., whether 
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or not the same value is 3 (S2076) . 

If the same value is not 3 (S2076) , i.e., the same value 
is 4 , the signal processing unit 35a judges that the minimum values 
VIBmin and V2B min were simultaneously detected, updates the minimum 
values VlBmin and V2B m m (S2078) , and stores a temperature detected 
by the temperature detector 50 at this time (FIG. 121, S2080) . 

Next, after clearing the flags IN and OUT (S2082) , the signal 
processing unit 35a judges that the detection condition flag IN 
of the last cycle is equal to the detection condition flag IN of 
this cycle and that the detection condition flag OUT of the last 
cycle is equal to the detection flag OUT of this cycle (S2084) , 
and returns process. 

If the flag IN is 1 (S2072) , i.e. , if the same value is 1, 
the signal processing unit 35a judges that the maximum values VLAnax 
and V2A max were simultaneouslydetected and updates the maximum values 
VIA^ and V2Anax (S2086) , and then stores a temperature detected 
by the tenperature detector 50 at this time (FIG. 121, S2080) . 

If the flag IN is 2 (S2074) , i.e., if the same value is 2, 
the signal processing unit 35a judges that the minimum values VlAmtn 
and V2A m in were simultaneouslydetected and updates the minimum values 
VlAnin and V2?^dxL (S2088) , and then stores a temperature detected 
by the tenperature detector 50 at this time (FIG. 121, S2080) . 

If the flag IN is 3 (S2076) , i.e. , if the same value is 3, 
the signal processing unit 35a judges that the maximum values VIBmax 
and V2Bmax were simultaneouslydetected and updates the maximum values 
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VIBmax and V2B max (S2090) , and then stores a temperature detected 
by the temperature detector 50 at this time (FIG. 121, S2080) . 

The signal processing unit 35a judges whether or not the 
flags IN and OUT have the same value (S2070) . If they do not have 
5 the same value, the signal processing unit 35a judges that the 
detectionconditionf lag IN of the last cycle is equal to the detection 
condition flag IN of this cycle and that the detection condition 
flag OUT of the last cycle is equal to the detection condition 
flag OUT of this cycle (FIG. 121, S2084) , and returns process. 

10 In the step of judging the clear condition of the detection 

condition flag for bringing the newly written flag into a standby 
state and clearing the other flag (= 0) (FIG. 120, S2068) , the 
signal processing unit 35a first judges whether or not the detection 
conditionf lag INof the last cycle isequal to the detect ion condition 

15 flag IN of this cycle (FIG. 122, S2681) . If they are equal, the 
signal processing unit 35a judges whether or not the detection 
condition flag OUT of the last cycle is not 0 (S2682) . 

If the detection condition flag OUT of the last cycle is 
not 0 (S2682) , the signal processing unit 35a judges whether or 

20 not the detection condition flag OUT of the last cycle is not equal 
to the detection condition flag OUT of this cycle (S2683) . If they 
are not equal, the signal processing unit 35a clears the detection 
condition flag IN (= 0) (S2684) , and returns process. 

If the detection condition flag IN of the last cycle is not 

25 equal to the detection condition flag IN of this cycle (S2681) 
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and the detection condition flag OUT of the last cycle is 0 (S2682) 
or the detection condition flag OUT of the last cycle is equal 
to the detection condition flag OUT of this cycle (S2683) , the 
signal processing unit 35a judges whether or not the detection 
5 condition flag OUT of the last cycle is equal to the detection 
condition flag OUT of this cycle (S2685) . 

If the detection condition flag OUT of the last cycle is 
equal to the detection condition flag OUT of this cycle (S2685) , 
the signal processing unit 35a judges whether or not the detection 

10 condition flag IN of the last cycle is not 0 (S2686) . 

If the detection condition flag IN of the last cycle is not 
0 (S2686) , the signal processing unit 35a judges whether or not 
the detection condition flag IN of the last cycle is not equal 
to the detection condition flag IN of this cycle (S2687) . If they 

15 are not equal, the signal processing unit 35a clears the detection 
condition flag OUT (= 0) (S2688) , and returns process. 

If the detection condition flag OUT of the last cycle is 
not equal to the detection condition flag OUT of this cycle (S2685) , 
the signal processing unit 35a returns process immediately. 

20 If the detection condition flag IN of the last cycle is 0 

(S2686) , the signal processingunit 35areturnsprocess immediately. 

If the detection condition flag IN of the last cycle is equal 
to the detection condition flag IN of this cycle (S2687) , the signal 
processing unit 35a returns process immediately. 

25 Notethatsincetheoperationof calculatingthegaincorrection 
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coefficients (S2016) , the operation of calculating the offset 
correction coefficients (S2018) and the operation of correcting 
each of the detected output voltages VIA, V1B, V2A and V2B (S2020) 
are the same as theoperat ions explained inThirty- SeventhEmbodiment , 
5 similar operations are designated with the same step numbers and 
an explanation thereof is omitted. 

While the above -described embodiments illustrate the 
application to the steering shaft 21 connecting the steering wheel 
1 and the steeringmechanismina steering apparatus f or anautomobile , 

10 it is, of course, possible towidelyusetherotationalangledetecting 
device and torque det ec t ing device according to the present invent ion 
in the whole applications for detecting the rotational angle and 
rotational torque of a rotating shaft rotating about its axis. 

The target is not particularly limited if the output signal 

15 (detection signal) of the magnetic sensor (detecting means) varies 
witharotationof the target plate (rotational member) . Forexample, 
it is possible to form protrusions at substantially equal intervals 
in the circumferential direction of the target plate 271 so that 
the distance between the magnetic sensor and adjacent protrusion 

20 changes according to a rot at ion of the target plate 2 71 . Byproviding 
the protrusions on the outer circumference of the target plate 
271, the rotational angle and torque can be detected in the same 
manner as the above -described gear-type target plate. 

Moreover, as shown in FIG. 123, it is possible to magnetize 

25 the outer circumference 274 of a target plate 275 so that the magnetic 
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polesreverseatsubstantiallyequal intervals inthecircumf erential 
direction. Since the polarity of the magnetic pole approaching 
each of the magnetic sensors 1A, IB, 2A and 2B changes alternately 
between positive and negative (N and S) , according to a rotation 
5 of the target plate 275, the distance between each of the magnetic 
sensors 1A, IB, 2A, 2B and adjacent magnetic pole (the magnetic 
field strength to be detected) changes, and an output voltage in 
the form of a sine wave or a triangular wave is outputted. Thus, 
the rotational angle and torque can be detected in the same manner 

10 as in the above -described embodiments. 

Furthermore, as shown in FIG. 124, it is also possible to 
magnetize a target plate 276 so that a target 277 moves in a direction 
along the input shaft 21a. In FIG. 124, a first inclining portion 
277a provided to incline in one direction and a second inclining 

15 portion 277b arranged to incline in other direction on the 

circumferential surface of the rotational member are magnetized. 
Since the target 277 adjacent to each of the magnetic sensors 1A, 
IB, 2A, 2B reciprocates in the direction along the input shaft 
2 la or the output shaft 21b, the distance between each of the magnetic 

20 sensors 1A, IB, 2A, 2B and the adjacent target 277 changes, and 
an output voltage in the form of a sine wave or a triangular wave 
is outputted . Thus , the rotational angle and torque can be detected 
in the same manner as in the above-described embodiments. 

Additionally, as shown in FIG. 125, it is also possible to 

25 form dents 273b at substantially equal intervals in the 
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circumferential direction of a target plate 273 so as to create 
non-dent portions 273c. In this embodiment, the dents 273b are 
through-holes. Since a non-dent portion 273c and a dent 273b 
alternately approaches each of the magnetic sensors LA, IB, 2A 
5 and 2B, the distance between each of the magnetic sensors 1A, IB, 
2A, 2B and adjacent non-dent portion 273c or dent 273b changes, 
and an output voltage in the form of a sine wave or a triangular 
wave is outputted. Thus, the rotational angle and torque can be 
detected in the same manner as in the above -described embodiments . 

10 Besides, as shown in FIG. 126, it is also possible to provide 

protruding targets 260 on a target plate 25 so that the targets 
260 move in a direction along the input shaft 21a according to 
a rotation of the target plate 25 . The target 260 comprises a first 
inclining portion 260a provided to incline in one direction and 

15 a second incliningportion2 6 Obarranged to incline inother direct ion 
on the circumferential surface of the rotational member, and the 
outer circumferential portions of the first and second inclining 
port ions 260a and 2 6 0b are magne t i zed . Since the target 260 ad j acent 
to each of the magnetic sensors LA, IB, 2A, 2B reciprocates in 

20 the direction along the input shaft 21a or the output shaft 21b, 
the distance between each of the magnetic sensors 1A, IB, 2A, 2B 
and adjacent target 260 changes, and an output voltage in the form 
of a sine wave or a triangular wave is output ted . Thus , the rotational 
angle and torque can be detected in the same manner as in the 

25 above-described embodiments. 
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(Thirty-Ninth Embodiment) 

FIG. 127 is a schematic view showing schematically the 
construction of Thirty-Ninth Embodiment of a rotational angle 
5 detecting device, torque detecting device and steering apparatus 
according to the present invention. These rotational angle detecting 
device and torque detecting device are appl ied to a steering apparatus 
for automobiles, inwhich a steering shaf 1 21 for connecting a steering 
wheel landa steeringmechanismisconstructedby connect ingcoaxially 

10 an input shaft (first shaft) 21a having an upper end portion to 
which the steering wheel 1 is connected and an output shaft 21b 
having a lower end port ion to which a pinion 3 of the steering mechanism 
is connected to each other through a torsion bar (connecting shaft) 
6 with a small diameter, and the periphery of the connecting portion 

15 between the input shaft 21a and output shaft 21b is constructed 
as follows. 

Adisc-shapedtarget plate (rotational member) 271iscoaxially 
fitted and secured on the input shaft 21a at a position adjacent 
to one end port ion connected to the output shaft 2 lb , and , for example , 
20 36 targets 270 that are protrusions made of magnetic material are 
provided on the outer circumferential surface of the target plate 
271 so that they protrude at equal intervals in the circumferential 
direction. 

The targets 270 are made of teeth of a spur gear having an 
25 involute tooth profile , and the ring-shaped spur gear form the target 
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plate 271 and targets 270. 

A target plate 271 with targets 270 similar to the one described 
above is also fitted and secured on the output shaft 21b at a position 
adjacent to one end portion connected to the input shaft 21a. The 
5 targets 270 of the target plate 271 on the output shaft 21b side 
and the targets 270 of the target plate 271 on the input shaft 21a 
side are aligned and juxtaposed in the circumferential direction. 

Further, it is also possible to use the input shaft 21a and 
output shaft 21b made of magnetic material and form the teeth by 

10 gear-cutting the circumferential surfaces of the input shaft 21a 
and output shaft 21b. 

A sensor box 11 is disposed outside of both the target plates 
271 so that it faces the outer edges of the targets 270 on the outer 
circumference of the target plates 271 . The sensor box 11 is fixedly 

15 supported on a stationary portion, such as a housing that supports 
the input shaft 21a and output shaft 21b. Magnetic sensors 1A (first 
detecting means) and IB (second detecting means) facing different 
portions in the circumferential direction of the targets 270 on 
the input shaft 21a side and magnetic sensors 2A (first detecting 

20 means) and 2B (second detecting means) facing different portions 
in the circumferential direction of the targets 270 on the output 
shaft 21b side are stored in the sensor box 11 so that their positions 
in the circumferential direction are correctly aligned. 

Eachof the magnetic sensors 1A, 2A, IB, 2Bisasensorconstructed 

25 using an element having an electrical characteristic (resistance) 
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varying as a result of the function of a magnetic field, such as 
amagneto-resistanceef fectelement (MRelement) , sothatthedetection 
signal changes according to an adjacent portion of the facing target 
270 . The detection signals of these sensors are supplied to a signal 
5 processing unit 35 formed by a microprocessor provided outside or 
inside the sensor box 11. 

Each of the magnetic sensors 1A, 2A, IB, 2B outputs a detection 
signal approximately to a triangular wave or sine wave according 
to the passage of each target 270. In this detection signal, a 

10 maximum nonlinear change rate is marked near the transitions from 
rise to fall or from fall to rise, but the detection signal can 
be compensated by the following signal processing method. 

The following description will explain the operations of the 
rotational angle detecting device and torque detecting device having 

15 such structures. 

Each of the magnetic sensors 1A and IB (2A and 2B) outputs 
adetectionsignal rising andf ailing ( represent edas A, B) inaccordance 
with a change in the rotational angle of the input shaft 21a (output 
shaft 21b) as shown in FIG. 131 while a corresponding target 270 

20 is passing a position facing the sensor. 

Thedetectionsignalsof themagnetic sensors lAandlBcorrespond 
to the rotational angle of the input shaft 21a having the targets 
270 corresponding to the magnet ic sensors lAand IB , whi le the detect ion 
signals of the magnetic sensors 2A and 2B correspond to the rotational 

25 angle of the output shaft 21b having the targets 270 corresponding 
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to the magnetic sensors 2A and 2B. 

Therefore, the signal processing unit 35 can calculate the 
rotational angle of the input shaft 21a from the detection signals 
of the magnetic sensors 1A and IB, and thus the signal processing 
5 unit 35 and magnetic sensors 1A, IB act as a rotational angle detecting 
device for the input shaft 21a. Further, the signal processing unit 
35 can calculate the rotational angle of the output shaft 21b from 
the detection signals of the magnetic sensors 2A and 2B, and thus 
the signal processing unit 35 and magnetic sensors 2A, 2B act as 
10 a rotational angle detecting device for the output shaft 21b. 

When a rotational torque applies to the input shaft 21a, a 
difference between the detection signals of the magnetic sensors 
1A, IB and the detection signals of the magnetic sensors 2A, 2B 
is generated. 

15 The magnetic sensors LA, 2A and the magnetic sensors IB, 2B 

have a phase difference of 90° in the electrical angle, for example, 
in the circumferential direction of the target plates 271 . A maximum 
nonlinear change rate is marked at the maximum and minimum values 
of the detection signals, which are the transition points to rise 

20 or fall. However, since the detection signals have different phases, 
they can be mutually compensated. If the compensation is possible, 
the angle of the phase difference can have any electrical angle 
between 1° and 360°. 

Here , thedif f erencebetweenthedetectionsignalof themagnetic 

25 sensor 1A and the detection signal of the magnetic sensor 2A, or 
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the difference between the detection signal of the magnetic sensor 
IB and the detection signal of the magnetic sensor 2B, corresponds 
to the difference in the rotational angles between the input shaft 
21a and output shaft 21b (relative angular displacement) . This 
5 relative angular displacement corresponds to the torsional angle 
generated in the torsion bar 6 which connects the input shaft 21a 
and the output shaft 21b, under the function of the rotational torque 
applied to the input shaft 21a. It is therefore possible to calculate 
the rotational torque applied to the input shaft 21a, based on the 

10 above-mentioned difference between the detection signals. 

The following description will explain the operations of these 
rotational angle detecting device and torque detecting device in 
detecting the rotational angle (calculating the steering angle) , 
with reference to the flow charts of FIG. 128A, FIG. 128B, FIG. 

15 129A, FIG. 129BandFIG. 130 showing the operations . Here, the phase 
difference between the magnetic sensors 1A, 2A and the magnetic 
sensors IB, 2B is an electrical angle of 90°. 

Thesignalprocessingunit35of thisrotationalangledetecting 
device, first, judges whether or not the detection signal A of the 

20 magnetic sensor 1A is greater than the detection signal B of the 
magnetic sensor IB in the previous cycle of sampling and whether 
or not the detection signal A is not greater than the detection 
signal B in this cycle of sampling (S3001) . 

Judging from the sampling cycle and the steering speed (the 

25 displacement speed of the steering angle) , this is the step for 
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detecting a change of each of the detection signals A, B from the 
region "d" to region "e" or from the region "a" to region " h" in 
FIG. 131. 

Here, in FIG. 131, the direction of rightward rotation of 
5 the steering wheel 1 is the positive direction, and the range from 
a predetermined lower bound threshold to upper bound threshold is 
set as a standard range in which each of the detection signal A, 
B is in the vicinity of an non-extreme value (the detection signal 
for the vicinity of each connecting point between the first inclining 

10 portion 260a and the second inclining portion 260b is in the vicinity 
of an extreme value) . 

If the detection signal A is greater than the detection signal 
B in the previous cycle of sampling and the detection signal A is 
not greater than the detection signal B in this cycle of sampling 

15 (in FIG. 131, the detection signals A, B are in the region "e" or 
region "h" ) (S3001) , the signal processing unit 35 judges whether 
or not the detection signal A or the detection signal B in this 
cycle of sampling is greater than the middle value (midpoint) between 
the values to be taken by the detection signals A, B as shown in 

20 FIG. 131 (S3005) . 

Accordingly, the signal processing unit 35 judges which of 
the region "e" and region "h" the detection signals A, B are present 
in FIG. 131. 

If the detection signal A or the detection signal B in this 
25 cycle of sampling is greater than the midpoint (in FIG. 131, each 
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of the detection signals A, B is in the region "e" and the detection 
signal A is not greater than the upper bound threshold) (S3005) , 
the signal processing unit 35 judges that the selected sensor in 
this cycle of sampling is the magnetic sensor 1A and is outputting 
5 a rightward- falling (decreasing) portion of the detection signal 
A as shown in FIG. 131, "A— 11 (S3006) . 

If the detection signal A or the detection signal B in this 
cycle of sampling is not greater than the midpoint (in FIG. 131, 
the detection signals A, B are in the region "h" and the detection 

10 signal B is not less than the lower bound threshold) (S3 005) , the 
signal processing unit 35 judges that the selected sensor in this 
cycle of sampling is the magnetic sensor IB and is outputting a 
rightward- falling (decreasing) portion of the detection signal B 
as shown in FIG. 131, "B-» (S3011) . 

15 If the detection signal A is not greater than the detection 

signal B in the previous cycle of sampling, or if the detection 
signal A is not equal to or less than the detection signal B in 
this cycle of sampling (S3001) , the signal processing unit 35 judges 
whether or not the detection signal A is less than the detection 

20 signal B in the previous cycle of sampling and the detection signal 
A is equal to or greater than the detection signal B in this cycle 
of sampling (S3 002) . 

Judging from the sampling cycle and the steering speed (the 
displacement speed of the steering angle) , this is the step for 

25 detecting a change of each of the detection signals A, B from the 
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region "e" to the region n d ,! or from the region 11 h" to the region 
"a" in FIG. 131. 

If the detection signal A is less than the detection signal 
B in the previous cycle of sampling and the detection signal A is 
5 not less thanthedetectionsignalBinthiscycleof sampling (indicating 
that the detection signals A, B are in the region "d" or region 
"a" inFIG. 131) (S3002) , the signal processing unit 35 judges whether 
or not the detection signal A or the detection signal B in the this 
cycle of sampling is greater than the midpoint (S3007) . 
10 Accordingly, the signal processing unit 35 judges which of 

the region "d" and region "a" the detection signals A, B are present 
in FIG. 131. 

If the detection signal A or the detection signal B in this 
cycle of sampling is greater than the midpoint (indicating that 

15 each of the detection signals A, B is in the region "d" and the 
detection signal B is not greater than the upper bound threshold 
in FIG. 131) (S3007) , the signal processing unit 35 judges that 
the selected sensor in this cycle of sampling is the magnetic sensor 
IB and is outputting a rightward-rising (increasing) portion of 

20 the detection signal B as shown in FIG. 131, "B+" (S3008) . 

If the detection signal A or the detection signal B in this 
cycle of sampling is not greater than the midpoint (indicating that 
the detection signals A, B are in the region "a" and the detection 
signal A is not less than the lower bound threshold in FIG. 131) 

25 (S3007) , the signal processing unit 35 judges that the selected 
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sensor in this cycle of sampling is the magnetic sensor 1A and is 
outputtinga rightward-rising (increasing) portion of the detection 
signal A as shown in FIG. 131, "A+" (S3012) . 

If the detection signal A is not less than the detection signal 
B in the previous cycle of sampling, or if the detection signal 
A is not equal to or not greater than the detection signal B in 
this cycle of sampling (S3002) , the signal processing unit 35 judges 
whether or not the detection signal A in this cycle of sampling 
is greater than the upper bound threshold and the detection signal 
B in this cycle of sampling is greater than the lower bound threshold 
(S3003) . 

This is the step for judging whether or not the detection 
signals A, B are in the region "c" in FIG. 131. 

If the detection signal A in this cycle of sampling is greater 
than the upper bound threshold and the detection signal B in this 
cycleof sampling isgreater than the lower bound threshold (indicating 
that the detection signals A, B are in the region "c" and the detection 
signal B is not less than the lower bound threshold in FIG. 131) 
(S3003) , the signal processing unit 35 judges that the selected 
sensor in this cycle of sampling is the magnetic sensor IB and is 
outputting a rightward-rising (increasing) portion of the detection 
signal B as shown in FIG. 131, "B+" (S3009) . 

If the detection signal A in this cycle of sampling is not 
greater than the upper bound threshold and the detection signal 
B in this cycle of sampling is not greater than the lower bound 
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threshold (S3003) , the signal processing unit 35 judges whether 
or not the detection signal B in this cycle of sampling is greater 
than the upper bound threshold and the detection signal A in this 
cycle of sampling is greater than the lower bound threshold (S3004) . 
5 This is the step for judging whether or not the detection 

signal A, B are in the region "f" in FIG. 131 

If the detection signal B in this cycle of sampling is greater 
than the upper bound threshold and the detection signal A in this 
cycl e of sarnpl ing i s great er than the lower bound threshold ( indicat ing 

10 that the detection signals A, B are in the region " f 11 and the detection 
signal A is not less than the lower bound threshold in FIG. 131) 
(S3004) , the signal processing unit 35 judges that the selected 
sensor in this cycle of sampling is the magnetic sensor 1A and is 
output ting aright ward -f ailing (decreasing) portionof the detection 

15 signal A as shown in FIG. 131, "A—" (S3010) . 

If the detection signal B in this cycle of sampling is not 
greater than the upper bound threshold and the detection signal 
A in this cycle of sampling is not greater than the lower bound 
threshold (S3004) , the signal processing unit 35 judges whether 

20 or not detection signal A in this cycle of sampling is less than 
the lower bound threshold and the detection signal B in this cycle 
of sampling is less than the upper bound threshold (S3013) . 

This is the step for judging whether or not the detection 
signal A, B are in the region "g" in FIG. 131 

25 If the detection signal A in this cycle of sampling is less 
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than the lower bound threshold and the detection signal B in this 
cycle of sampling is less than the upper bound threshold (indicating 
that the detection signals A, B are in the region "g" and the detection 
signal B is not greater than the upper bound threshold in FIG. 131) 
5 (S3013) , the signal processing unit 35 judges that the selected 
sensor in this cycle of sampling is the magnetic sensor IB and is 
outputtingarightward- falling (decreasing) portionof the detection 
signal B as shown in FIG. 131, "B-" (S3 019) . 

If the detection signal A in this cycle of sampling is not 
10 less than the lower bound threshold and the detection signal B in 
this cycle of sampling is not less than the upper bound threshold 

(53013) , the signal processingunit 35 judges whether or not detection 
signal B in this cycle of sampling is less than the lower bound 
threshold and the detection signal A in this cycle of sampling is 

15 less than the upper bound threshold (S3 014) . 

This is the step for judging whether or not the detection 
signals A, B are in the region "b" in FIG. 131. 

If the detection signal B in this cycle of sampling is less 
than the lower bound threshold and the detection signal A in this 
20 cycle of sampling is less than the upper bound threshold (indicating 
that the detection signals A, B are in the region "b" and the detection 
signal A is not greater than the upper bound threshold in FIG. 131) 

(53014) , the signal processing unit 35 judges that the selected 
sensor in this cycle of sampling is the magnetic sensor 1A and is 

25 outputting a rightward-rising (increasing) portion of the detection 
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signal A as shown in FIG. 131, "A+" (S3020) . 

If the detection signal B in this cycle of sanpling is not 
less than the lower bound threshold and the detection signal A in 
this cycle of sampling is not less than the upper bound threshold 
5 (S3014) , the signal processing unit 35 judges that the selected 
sensor in the previous cycle of sanpling is the selected sensor 
in this cycle of sanpling (S3015) . 

Next, the signal processing unit 35 judges whether or not 
the selected sensor in the previous cycle of sanpling was the magnetic 

10 sensor 1A and was outputting a rightward-rising (increasing) portion 
"A+ n (S3016) . If the selected sensor in the previous cycle of sanpling 
was 1A and was outputting the rightward-rising (increasing) portion 
"A+" , the signal processing unit 35 adds the change of the detection 
signal indicating the displacement angle from the previous cycle 

15 of sanpling to this cycle of sanpling (A - the sensor value in the 
previous cycle) to the integrated steering angle up to the previous 
cycle of sampling and outputs the result as the rotational angle 
(S3021) . 

In this case, since the magnetic sensor 1A was outputting 
20 the rightward-rising (increasing) detection signal "A+" in the 
previous cycle of sanpling and the detection signal value A was 
within a range from the lower bound threshold to the upper bound 
threshold, the detection signal value A of the magnetic sensor 1A 
will not come into a region near an extreme value until this cycle 
25 of sanpling. Accordingly, since the increase/decrease of the 
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detection signal value corresponds to the increase/decrease of the 
integrated steering angle , the change of the detection signal is 
added to the integrated steering angle , and the change of the detect ion 
signal can be calculated from the detection signal A in this cycle 
5 of sampling. 

If the selected sensor in the previous cycle of sanpling was 
not the magnetic sensor 1A and was not outputting the rightward- rising 
(increasing) portion "A+" (S3016) , the signal processing unit 35 
judges whether or not the selected sensor in the previous cycle 

10 of sanpling was the magnetic sensor 1A and was outputting the 
rightward- falling (decreasing) portion "A—" (S3017) . 

If the selected sensor in the previous cycle of sanpling was 
the magnetic sensor 1A and was outputting the rightward- falling 
(decreasing) portion "A-" (S3017) , the signal processing unit 35 

15 subtracts the change of the detection signal indicating the 

displacement angle from the previous cycle of sanpling to this cycle 
of sampling (A — the sensor value in the previous cycle) from the 
integrated steering angle up to the previous cycle of sanpling and 
outputs the result as the rotational angle (S3022) . 

20 In this case, since the magnetic sensor 1A was outputting 

the rightward- falling (decreasing) detection signal "A-" in the 
previous cycle of sanpling and the detection signal value A was 
within the range from the lower bound threshold to the upper bound 
threshold, the detection signal value A of the magnetic sensor 1A 

25 will not come into a region near an extreme value until this cycle 
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of sampling. Accordingly, since the increase/decrease of the 
detection signal value corresponds to the decrease/ increase of the 
integrated steering angle, the change of the detection signal is 
subtracted from the integrated steering angle, and the change of 
5 the detection signal can be calculated from the detection signal 
A of this cycle of sampling. 

If the selected sensor in the previous cycle of sampling was 
not the magnet ic sensor 1A and was not output t ing the right ward- f al 1 ing 
(decreasing) portion "A—" (S3017) , the signal processing unit 35 

10 judges whether or not the selected sensor in the previous cycle 
of sampling was the magnetic sensor IB and was outputting a 
rightward- rising (increasing) portion l! B+ n (S3018) . 

If the selected sensor in the previous cycle of sampling was 
the magnetic sensor IB and was outputting the rightward (increasing) 

15 portion "B+" (S3018) , the signal processing unit 35 adds the change 
of the detection signal indicating the displacement angle from the 
previous cycle of sampling to this cycle of sampling (B - the sensor 
value in the previous cycle) to the integrated steering angle up 
to the previous cycle of sampling and outputs the result as the 

20 rotational angle (S3 02 3) . 

In this case, since the magnetic sensor IB was outputting 
the rightward- rising (increasing) detection signal "B+" in the 
previous cycle of sampling and the detection signal value B was 
within the range from the lower bound threshold to the upper bound 

25 threshold, the detection signal value B of the magnetic sensor IB 
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will not come into a region near an extreme value until this cycle 
of sampling. Accordingly, since the increase/decrease of the 
detection signal value corresponds to the increase/decrease of the 
integrated steering angle, the change of the detection signal is 
5 added to the integrated steering angle , and the change of the detect ion 
signal can be calculated from the detection signal B of this cycle 
of sampling. 

If the selected sensor in the previous cycle of sampling was 
not the magnetic sensor IB and was not outputting the rightward-rising 

10 (increasing) portion "B+" (S3018) , the signal processing unit 35 
judges whether or not the selected sensor in the previous cycle 
of sampling was the magnetic sensor IB and was outputting a 
rightward- falling (decreasing) portion "B-" (S3 024) . 

If the selected sensor in the previous cycle of sampling was 

15 the magnetic sensor IB and was outputting a rightward- falling 
(decreasing) portion "B-" (S3024) , the signal processing unit 35 
subtracts the change of the detection signal indicating the 
displacement angle from the previous cycle of sampling to this cycle 
of sampling (B — the sensor value in the previous cycle) from the 

20 integrated steering angle up to the previous cycle of sampling and 
outputs the result as the rotational angle (S3031) . 

In this case, since the magnetic sensor IB was outputting 
the rightward- falling (decreasing) detection signal "B-" in the 
previous cycle of sampling and the detection signal value B was 

25 within the range from the lower bound threshold to the upper bound 
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threshold, the detection signal value B of the magnetic sensor IB 
will not come into a region near an extreme vale until this cycle 
of sampling. Accordingly, since the increase/decrease of the 
detection signal value corresponds to the decrease/ increase of the 
5 integrated steering angle, the change of the detection signal is 
subtracted from the integrated steering angle, and the change of 
the detection signal can be calculated from the detection signal 
B of this cycle of sampling. 

If the selected sensor in the previous cycle of sampling was 

1 0 not the magnet ic sensor IB and was not output t ing the right ward- f al 1 ing 
(decreasing) portion "B— " (S3024) , the signal processing unit 35 
judges that a magnetic sensor was not selected in the previous cycle 
of sampling (S3025) , i.e. , it was steering start time and thus the 
steering angle was zero, and outputs this value as the rotational 

15 angle (S3026) . 

Next, if the selected sensor in this cycle of sampling is 
the magnetic sensor 1A and is outputting the rightward-rising 
(increasing) detection signal "A+", or is the magnetic sensor 1A 
andisoutputtingtherightward- falling (decreasing) detectionsignal 

20 "A- 11 (S3027) , the signal processing unit 35 selects the detection 
signal A in this cycle of sampling as the " sensor value in the previous 
cycle" for use in the operations (S3021, S3022, S3023 and S3031) 
(S3032) , replaces the "sensor selected in the previous cycle" with 
the "sensor selected in this cycle" (S3030) and returns process. 

25 If the selected sensor in this cycle of sampling is not the 
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magnetic sensor 1A (S3027) , the signal processing unit 35 judges 
whether or not the selected sensor in this cycle of sanpling is 
the magnetic sensor IB and is outputting the rightward-rising 
(increasing) detection signal "B+", or is the magnetic sensor IB 
andisoutputtingtherightward-falling (decreasing) detectionsignal 
"B-" (S3028) . 

If the selected sensor in this cycle of sanpling is the magnetic 
sensor IB (S3028) , the signal processing unit 35 selects the detection 
signal value B in this cycle of sanpling as the "sensor value in 
the previous cycle" for use in the operations (S3021, S3022, S3023 
andS3031) (S3033) , and replaces the "sensor selected in the previous 
cycle" with the "sensor selected in this cycle" (S3030) and returns 
process . 

If the selected sensor in this cycle of sampling is not the 
magnetic sensor IB (S3028) , the signal processing unit 35 judges 
that a sensor is not selected (S3029) , and selects "sensor is not 
selected" for the "sensor selected in the previous cycle" (S3030) 
and returns process . 

Note that while the steering angle calculating operation has 
been explained with respect to the magnetic sensors 1A, IB, it is 
also possible to perform the same operation with respect to the 
magnetic sensors 2A. 2B. 

The following description will explain the operation of this 
torque detecting device in detecting the torque (calculating the 
torque) , with reference to the flow charts shown in FIG. 132, FIG. 
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133A, FIG. 133B and FIG. 134. 

Here, the phase difference between the magnetic sensors 1A, 
2A and the magnetic sensors IB, 2B is an electrical angle of 90°. 
The signal processing unit 35 of this torque detecting device, 
5 first, calculates "torque A" = 1A - 2A and "torque B" = IB - 2B 
from the detection signals (indicated as 1A, IB, 2A, 2B) of the 
magnetic sensors 1A, IB, 2A, 2B (S3034) . 

Next, the signal processing unit 35 judges whether or not 
the torque A > 0 and the torque B > 0, or the torque A < 0 and the 
10 torque B < 0 are satisfied (S3035) . 

If the torque A > 0 and the torque B > 0, or the torque A 
< 0 and the torque B < 0 are satisfied (S3035) , the signal processing 
unit 35 judges whether or not the detection signals LA, IB of the 
magnetic sensors 1A, IB satisfy 1A > IB (S3 03 8) . 
15 If the detection signals 1A, IB satisfy 1A > IB (S3038) , the 

signal processing unit 35 judges that the detection signals 1A, 
IB, 2A, 2B are present in a region (1) (a) in the waveform chart 
of the detection signals shown in FIG. 135 (S3039) . 

If the detection signals 1A, IB do not satisfy 1A > IB (S3038) , 
20 the signal processing unit 35 judges whether or not the detection 
signals 1A, IB satisfy 1A < IB (S3040) . 

If the detection signals 1A, IB satisfy 1A < IB (S3040) , the 
signal processing unit 35 judges that the detection signals 1A, 
IB, 2A, 2B are present in a region (3) (b) in the waveform chart 
25 of the detection signals shown in FIG. 135 (S3041) . 
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(4) (d) in the waveform chart of the detection signals shown in 
FIG. 135 (S3045) . 

If the detect ion signals 1A, IBdonot satisfy 1A< "the midpoint 11 
nor IB < "the midpoint" (S3037) , the signal processing unit 35 compares 
5 the detection signals 1A, IB with the midpoint and judges whether 
or not 1A > "the midpoint" and IB < "the midpoint" are satisfied 
(S3046) . 

If the detection signals 1A, IB satisfy 1A > "the midpoint" 
and IB < "the midpoint" (S3 04 6) , the signal processing unit 35 compares 

10 the detection signals LA, IB with the upper bound threshold as shown 
in FIG. 135 and judges whether or not they satisfy 1A > "the upper 
bound threshold" or 2A > "the upper bound threshold" (S3 053) . 

The range of the upper bound threshold and a later-described 
lower bound threshold is a standard range within which the detection 

15 signals 1A, IB, 2A, 2B are present in the vicinity of an extreme 
value (the detection signal for each of the connecting points between 
the first inclining portions 260a and the second inclining portions 
260b is in the vicinity of an extreme value) , and is defined by 
siabs t ant ially the middle values between each of the maximum and 

20 minimum values that can be taken by the detection signals 1A, IB, 
2A, 2B and the midpoint. 

If the detection signals 1A, 2A satisfy 1A > "the upper bound 
threshold" or 2A > "the upper bound threshold" (S3053) , the signal 
processing unit 35 judges that detection signals 1A, IB, 2A, 2B 

25 are present in a region (2 ) (e) in the waveform chart of the detection 
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signals shown in FIG. 135 (S3058) . In this case, the region (2) (e) 
is not present in FIG. 135, but it appears when the steering wheel 
1 is turned in the opposite direction. 

If the detection signals 1A, 2A do not satisfy 1A > "the upper 
5 bound threshold" nor 2A > "the upper bound threshold" (S3 053) , the 
signal processing unit 35 compares the detection signals IB, 2B 
with the lower bound threshold as shown in FIG . 135 and j udges whether 
or not the detection signals IB, 2B satisfy IB < "the lower bound 
threshold" or 2B < "the lower bound threshold" (S3054) . 

10 If the detection signals IB, 2B satisfy IB < "the lower bound 

threshold" or 2B < "the lower bound threshold" (S3 054) , the signal 
processing unit 35 judges that detection signals 1A, IB, 2A, 2B 
are present in a region (4 ) (f ) in the waveform chart of the detection 
signals shown in FIG. 135 (S3059) . 

15 If the detection signals IB, 2B do not satisfy IB < "the lower 

bound threshold" nor 2B < "the lower bound threshold" (S3054) , the 
signal processing unit 35 judges that there is no region where the 
detection signals 1A, IB, 2A, 2B are present in the waveform chart 
of the detection signals shown in FIG. 135 (S3055) , and judges that 

20 the detected torque is zero (S3051) and returns process. 

If the detection signals 1A, IB dot not satisfy 1A > "the 
midpoint" and IB < "the midpoint" (S3046) , the signal processing 
unit 35 compares the detection signals 1A, IB with the midpoint 
and judges whether or not IB > "the midpoint" and 1A < "the midpoint" 

25 are satisfied (S3047) . 
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If thedetectionsignals 1A, lBdonot satisfy 1B> " the midpoint " 
nor 1A< "the midpoint" (S3047) , the signal processing unit 35 judges 
that there is no region where the detection signals 1A, IB, 2A, 
2B are present in the waveform chart of the detection signals shown 
5 in FIG. 135 (S3052) , and judges that the detected torque is zero 
(S3051) and returns process. 

If the detection signals 1A, IB satisfy IB > the midpoint 
and 1A< "the midpoint" (S3 04 7) , the signal processing unit 35 compares 
the detection signals IB, 2B with the upper bound threshold as shown 
10 in FIG. 135 and judges whether or not the detection signals IB, 
2B satisfy IB > "the upper bound threshold" or 2B > "the upper bound 
threshold" (S3 048) . 

If the detection signals IB, 2B satisfy IB > "the upper bound 
threshold" or 2B > "the upper bound threshold" (S3 04 8) , the signal 
15 processing unit 35 judges that the detection signals 1A, IB, 2A, 
2B are present in a region (2) (g) in the waveform chart of the 
detection signals shown in FIG. 135 (S3056) . 

If the detection signals 1A, 2B do not satisfy IB > "the upper 
bound threshold" nor 2B > "the upper bound threshold" (S3048) , the 
20 signal processing unit 35 compares the detection signals 1A, 2A 
with the lower bound threshold as shown in FIG . 135 and judges whether 
or not the detection signals 1A, 2A satisfy 1A < "the lower bound 
threshold" or 2 A < "the lower bound threshold" (S3 04 9) . 

If the detection signals 1A, 2A satisfy 1A < "the lower bound 
25 threshold" or 2A < "the lower bound threshold" (S3049) , the signal 
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processing unit 35 judges that the detection signals 1A, IB, 2A, 
2B are present in a region (4) (h) in the waveform chart of the 
detection signals shown in FIG. 135 (S3057) . Inthiscase, theregion 
(4) (h) is not present in FIG. 135, but it appears when the steering 
5 wheel is turned in the opposite direction. 

If the detection signals 1A, 2Ado not satisfy 1A< "the lower 
bound threshold" nor 2A < "the lower bound threshold" (S3 04 9) , the 
signal processing unit 35 judges that there is no region where the 
detection signals 1A, IB, 2A, 2B are present in the waveform chart 

10 of the detection signals shown in FIG. 135 (S3050) , and judges that 
the detected torque is zero (S3051) and returns process. 

Next, the signal processing unit 35 compares the magnitudes 
of the absolute values | torque A| , | torque B| of "torque A" = 1A 
- 2A, "torque B" = IB - 2B calculated in S3034 (S3060) . 

15 If | torque A| > | torque B| is satisfied (S3060) and the region 

given in the preceding steps as the region where the detection signals 
1A, IB, 2A, 2B are present is the region (1) ( (1) (a) ) or region 
(4) ( (4) (d) , (4) (f ) ) (S3061) , the signal processing unit 35 judges 
that a region where the detection signals 1A, IB, 2A, 2B are truly 

20 present is a region ( j ) in the waveform chart of the detection signals 
shown in FIG. 136 and that the detected torque is the "torque A" 
(S3062) and returns process. 

If |torqueA| > |torqueB| is satisfied (S3060) and the region 
given in the preceding steps as the region where the detection signals 

25 1A, IB, 2A, 2B are present is neither the region (1) nor region 
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(4) (S3061) , the signal processing unit 35 judges that a region 
where the detection signals 1A, IB, 2A, 2B are truly present is 
a region (k) in the waveform chart: of the detection signals shown 
in FIG. 136 and that the detected torque is the "-torque A" (S3065) 
5 and returns process . 

If [torque A| > | torque B| is not satisfied (S3060) and the 
region given in the preceding steps as the region where the detection 
signals LA, IB, 2A, 2B are present is the region (1) ( (1) (a) ) or 
region (2) ((2) (c) , (2) (g) ) (S3063) , the signal processing unit 

10 35 judges that a region where the detection signals LA, IB, 2A, 
2B are truly present is a region (m) in the waveform chart of the 
detection signals shown in FIG. 136 and that the detected torque 
is the "torque B" (S3064) and returns process. 

If | torque A| > (torque B| is not satisfied (S3060) and the 

15 region given in the preceding steps as the region where the detection 
signals 1A, IB, 2A, 2B are present is neither the region (1) nor 
region (2) (S3063) , the signal processing unit 35 judges that a 
region where the detection signals 1A, IB, 2A 7 2B are truly present 
is a region (n) in the waveform chart of the detection signals shown 

20 in FIG. 136 and that the detected torque is the "-torque B" (S3066) 
and returns process . 

Next, the following description will explain the operation 
of this torque detecting device for backup, with reference to the 
flow chart of FIG. 137 showing the operation. 

25 The signal processing unit 35 of this torque detecting device 
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found abnormality in the detection signals (indicated as 1A, IB, 
2A, 2B) of the magnetic sensors 1A, IB, 2A, 2B (S3070) . If theabnormal 
detection signals were found in two or more systems (S3071) , the 
signal processing unit 35 judges that the torque detecting device 
5 has failure (S3072) , and performs the fail processing of separating 
the steering assist motor from the steering mechanism and notifying 
the driver of the occurrence of failure by means of an alarm lamp 
or the like (S3073) and returns process. 

When the signal processing unit 35 found abnormality in the 

10 detection signals 1A, IB, 2A, 2B (S3070) , andif the abnormal detection 
signal was found in one system (S3071) and if the abnormal detection 
signal is the detection signal 1A (S3074) , the signal processing 
unit 35 replaces the detection signal 1A with the detection signal 
2A (S3 07 9) , and notifies the driver of the abnormality by means 

15 of an alarm lamp or the like (S3082) and returns process. In other 
words, the signal processing unit 35 judges that the detected torque 
by a pair of the magnetic sensors 1A, 2A including the magnetic 
sensor 1A having abnormality is zero, and uses the detected torque 
by a pair of the magnetic sensors IB, 2B. 

20 If the abnormal detect ion s ignal was found in one system ( S3 0 7 1 ) 

and if the abnormal detection signal is not the detection signal 
1A (S3074) butisthedetectionsignallB (S3075) , the signal processing 
unit 35 replaces the detection signal IB with the detection signal 
2B (S3 080) , and notifies the driver of the abnormality by means 

25 of an alarm lamp or the like (S3082) and returns process. In other 
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by a pair of the magnetic sensors 1A, 2A. 

The following description will explain the operation of this 
torque detecting device in detecting the torque (calculating the 
torque) when the phase difference between the magnetic sensors 1A, 
5 2A and the magnetic sensors IB, 2B is an electrical angle of 120°, 
with reference to the flow charts of FIG. 132, FIG. 133A, FIG. 133B 
and FIG. 134 showing the operation. 

The signal processing unit 35 of this torque detecting device, 
first, calculates "torque A" = 1A - 2A and "torque B" = IB - 2B 
10 from the detection signals (indicated as 1A, IB, 2A, 2B) of the 
magnetic sensors 1A, IB, 2A, 2B (S3034) . 

Next, the signal processing unit 35 judges whether or not 
the torque A > 0 and the torque B > 0, or the torque A < 0 and the 
torque B < 0 are satisfied (S3035) . 
15 If the torque A > 0 and the torque B > 0, or the torque A 

< 0 and the torque B < 0 are satisfied (S3035) , the signal processing 
unit 35 judges whether or not the detection signals 1A, IB of the 
magnetic sensors 1A, IB satisfy 1A > IB (S3038) . 

If the detection signals 1A, IB satisfy 1A > IB (S3038) , the 
20 signal processing unit 35 judges that the detection signals 1A, 
IB, 2A, 2B are present in a region (1) (a) in the waveform chart 
of the detection signals shown in FIG. 138 (S3039) . 

If the detection signals 1A, IB do not satisfy 1A > IB (S3038) , 
the signal processing unit 35 judges whether the detection signals 
25 1A, IB satisfy 1A < IB (S3040) . 
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If the detection signals 1A, IB satisfy 1A < IB (S3040) , the 
signal processing unit 35 judges that the detection signals 1A, 
IB, 2A, 2B are present in a region (3) (b) in the waveform chart 
of the detection signals shown in FIG. 138 (S3 041) . 
5 If the detection signals LA, IB do not satisfy LA < IB (S3 040) , 

the signal processing unit 35 judges that there is no region where 
the detection signals 1A, IB, 2A, 2B are present in the waveform 
chart of the detection signals shown in FIG. 138 (S3042) , and judges 
that the detected torque is zero (S3043) and returns process. 

10 If the torque A > 0 and the torque B > 0 are not satisfied 

and the torque A < 0 and the torque B < 0 are not satisfied (S3035) , 
the signal processing unit 35 compares the detection signals 1A, 
IB with the middle value (midpoint) between values that can be taken 
by the detection signals 1A, IB as shown in FIG. 138 and judges 

15 whetherornot 1A> " the midpoint 11 andlB> " the midpoint " are satisfied 
(S3036) . 

If the detection signals LA, IB satisfy 1A > "the midpoint" 
and 1B> "the midpoint 11 (S3 03 6) , the signal processing unit 35 judges 
that the detection signals 1A, IB, 2A, 2B are present in a region 
20 (2) (c) in the waveform chart of the detection signals shown in 
FIG. 138 (S3044) . 

If the detection signals 1A, IB dot not satisfy 1A > "the 
midpoint" and IB > "the midpoint" (S3 03 6) , the signal processing 
unit 35 compares the detection signals LA, IB with the midpoint 
25 and judges whether or not 1A < "the midpoint" and IB < "the midpoint" 
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are satisfied (S3037) . 

If the detection signals 1A, IB satisfy 1A < "the midpoint" 
and 1B< "the midpoint " (S3037) , the signal processing unit 35 judges 
that the detection signals 1A, IB, 2A, 2B are present in a region 
5 (4) (d) in the waveform chart of the detection signals shown in 
FIG. 138 (S3045) . 

If the detect ion signals 1A, IB do not satisfy 1A< " the midpoint " 
nor IB < "the midpoint" (S3037) , the signal processing unit 35 compares 
the detection signals 1A, IB with the midpoint and judges whether 
10 or not 1A > "the midpoint" and IB < "the midpoint" are satisfied 
(S3046) . 

If the detection signals 1A, IB satisfy LA > "the midpoint" 
and IB < "the midpoint" (S3 04 6) , the signal processing unit 35 compares 
the detection signals 1A, IB with the upper bound threshold as shown 

15 in FIG. 138 and judges whether or not they satisfy 1A > "the upper 
bound threshold" or 2A > "the upper bound threshold" (S3 053) . 

The range of the upper bound threshold and a later-described 
lower bound threshold is a standard range within which the detection 
signals 1A 7 IB, 2A, 2B are present in the vicinity of an extreme 

20 value (the detection signal for each of the connecting points between 
the first inclining portions 260a and the second inclining portions 
260b is in the vicinity of an extreme value) , and is defined by 
substantially the middle values between each of the maximum and 
minimum values that can be taken by the detection signals 1A, IB, 

25 2A, 2B and the midpoint . 
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If the detection signals 1A, 2A satisfy 1A > "the upper bound 
threshold" or 2A > "the upper bound threshold" (S3053) , the signal 
processing unit 35 judges that detection signals 1A, IB, 2A, 2B 
are present in a region (2 ) (e) in the waveform chart of the detection 
5 signals shown in FIG. 138 (S3058) . 

If the detection signals 1A, 2A do not satisfy 1A > "the upper 
bound threshold" nor 2A > "the upper bound threshold" (S3053) , the 
signal processing unit 35 compares the detection signals 1A, 2B 
with the lower bound threshold as shown in FIG. 138 and judges whether 
10 or not the detection signals 1A, 2B satisfy IB < "the lower bound 
threshold" or 2B < "the lower bound threshold" (S3 054) . 

If the detection signals IB, 2B satisfy IB < "the lower bound 
threshold" or 2B < "the lower bound threshold" (S3 054) , the signal 
processing unit 35 judges that detection signals 1A, IB, 2A, 2B 
15 are present in a region (4 ) ( f ) in the waveform chart of the detection 
signals shown in FIG. 138 (S3059) . 

If the detection signals IB, 2B do not satisfy IB < "the lower 
bound threshold" nor 2B < "the lower bound threshold" (S3 054) , the 
signal processing unit 35 judges that there is no region where the 
20 detection signals LA, IB, 2A 7 2B are present in the waveform chart 
of the detection signals shown in FIG. 138 (S3055) , and judges that 
the detected torque is zero (S3051) and returns process. 

If the detection signals 1A, IB dot not satisfy 1A > "the 
midpoint" nor IB < "the midpoint" (S3 04 6) , the signal processing 
25 unit 35 compares the detection signals 1A, IB with the midpoint 
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and judges whether or not IB > "the midpoint" and 1A < "the midpoint" 
are satisfied (S3047) . 

If the detect ion signals 1A # lBdo not satisfy 1B> "the midpoint " 
nor 1A< "the midpoint" (S3047) , the signal processing unit 35 judges 
that there is no region where the detection signals 1A, IB, 2A, 
2B are present in the waveform chart of the detection signals shown 
in FIG. 138 (S3052) , and judges that the detected torque is zero 
(S3051) and returns process. 

If the detection signals 1A, IB satisfy IB > "the midpoint" 
and 1A< "the midpoint " (S3047) , the signal processingunit 35 compares 
the detection signals 1A, 2B with the upper bound threshold as shown 
in FIG. 138 and judges whether or not the detection signals IB, 
2B satisfy IB > "the upper bound threshold" or 2B > "the upper bound 
threshold" (S3 04 8) . 

If the detection signals IB, 2B satisfy IB > "the upper bound 
threshold" or 2B > "the upper bound threshold" (S3048) , the signal 
processing unit 35 judges that the detection signals 1A, IB, 2A, 
2B are present in a region (2) (g) in the waveform chart of the 
detection signals shown in FIG. 138 (S3056) . 

If the detection signals IB, 2B do not satisfy IB > "the upper 
bound threshold" nor 2B > "the upper bound threshold" (S3 04 8) , the 
signal processing unit 35 compares the detection signals 1A, 2A 
with the lower bound threshold as shown in FIG. 138 and j udges whether 
or not the detection signals 1A, 2A satisfy 1A < "the lower bound 
threshold" or 2A < "the lower bound threshold" (S3 04 9) . 
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If the detection signals 1A, 2A satisfy 1A < "the lower bound 
threshold" or 2A < "the lower bound threshold" (S3049) , the signal 
processing unit 35 judges that the detection signals 1A, IB, 2A, 
2B are present in a region (4) (h) in the waveform chart of the 
detection signals shown in FIG. 138 (S3057) . 

If the detection signals 1A, 2A do not satisfy 1A < "the lower 
bound threshold" nor 2A < "the lower bound threshold" (S3 04 9) , the 
signal processing unit 35 judges that there is no region where the 
detection signals 1A, IB, 2A, 2B are present in the waveform chart 
of the detection signals shown in FIG. 138 (S3050) , and judges that 
the detected torque is zero (S3051) and returns process. 

Next, the signal processing unit 35 compares the magnitudes 
of the absolute values | torque A | , | torque B | of " torque A" = 1A 
' - 2A and "torque B" = IB — 2B calculated in S3034 (S3060) . 

If | torque A| > | torque B| is satisfied (S3060) and the region 
given in the preceding steps as the region where the detection signals 
1A, IB, 2A, 2B are present is the region (1) ((1) (a)) or region 
(4) ( (4) (d) , (4) (f ) ) (S3061) , the signal processing unit 35 judges 
that a region where the detection signals 1A, IB, 2A, 2B are truly 
present is a region ( j ) in the waveform chart of the detection signals 
shown in FIG. 139 and judges that the detected torque is the "torque 
A" (S3 062) and returns process. 

If | torque A| > | torque B| is satisfied (S3060) and the region 
given in the preceding steps as the region where the detection signals 
1A, IB, 2A, 2B are present is neither the region (1) nor region 
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(4) (S3061) , the signal processing unit 35 judges that a region 
where the detection signals 1A, IB, 2A, 2B are truly present is 
a region (k) in the waveform chart of the detection signals shown 
in FIG. 139 and judges that the detected torque is the "— torque 
A" (S3065) and returns process. 

If (torque A| > | torque B| is not satisfied (S3060) and the 
region given in the preceding steps as the region where the detection 
signals LA, IB, 2A, 2B are present is the region (1) ((1) (a)) or 
region (2) ((2) (c) , (2) (g) ) (S3063) , the signal processing unit 
35 judges that a region where the detection signals 1A, IB, 2A, 
2B are truly present is a region (m) in the waveform chart of the 
detection signals shown in FIG. 139 and judges that the detected 
torque is the "torque B" (S3064) and returns process. 

If (torque A| > | torque B| is not satisfied (S3060) and the 
region given in the preceding steps as the region where the detection 
signals 1A, IB, 2A, 2B are present is neither the region (1) nor 
region (2) (S3063) , the signal processing unit 35 judges that a 
region where the detection signals 1A, IB, 2A, 2B are truly present 
is a region (n) in the waveform chart of the detection signals shown 
in FIG. 139 and judges that the detected torque is the "- torque 
B" (S3 066) and returns process. 

(Fortieth Embodiment) 

FIG. 140 is a schematic view showing schematically the 
construction of Fortieth Embodiment of the rotational angle detecting 
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device, torque detecting device and steering apparatus according 
to the present invention . In these rotational angle detecting device 
and torque detecting device, the detection signals outputted by 
the magnetic sensors 1A, IB, 2A, 2B (magneto- resistance effect 
5 elements) according to the passage of the corresponding adjacent 
targets 270 are supplied to a signal processing unit 35b. The signal 
processingunit35bperformsanalog/digitalconversionof thesupplied 
detection signals, and inputs the resultant signals to built-in 
tables 35aa, 35ab 7 35ab, 35bb (storing means) for the respective 
10 detection signals. 

The tables 3 5aa, 35ab, 35ab, 3 5bb are formed by EPROM (Erasable 
and Programmable ROM) arranged in a matrix form so as to output 
digital signals corresponding to the input digital signals, 
re spec t i ve ly . 

15 The detection signals that were actually outputted by the 

magnetic sensors 1A, IB, 2A, 2B at the manufacturing and assembly 
processes of the torque detecting device and detection signals to 
be outputted are stored in the tables 35aa, 35ab, 35ab, 35bb in 
association with each other. 

20 The tables 35aa, 35ab, 35ab, 35bboutput the detection signals 

(digital signals) to be outputted, according to the detect ion signals 
(digital signals) outputted by the magnetic sensors 1A, IB, 2A, 
2B, respectively. 

In particular, the detection signals of the magnetic sensors 

25 1A, IB, 2A, 2B are corrected by the tables 35aa, 35ab in switching 
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the magnetic sensors 1A, IB so that the switching is smoothly carried 
out without causing shift in the output signal values to be outputted, 
and by the tables 3 Sab, 35bb in switching the magnetic sensors 2A, 
2B so that the switching is smoothly performed without causing shift 
5 in the output signal values to be outputted. 

The signal processing unit 35b executes the operation of the 
signal processing unit 35 as explained in Thirty-Ninth Embodiment, 
by using the detection signals of the magnetic sensors 1A, IB, 2A, 
2B which were corrected by the tables 35aa, 3 Sab, 3 Sab, 35bb. 

10 Since other structures and operations of these rotational 

angle detecting device and torque detecting device are the same 
as those of the rotational angle detecting device and torque detecting 
device explained in Thirty-Ninth Embodiment, similar parts are 
. designated with the same reference numerals and their detailed 

15 explanation is omitted. 

(Forty- First Embodiment) 

FIG. 141 is a schematic view showing schematically the 
construction of Forty-First Embodiment of the rotational angle 

20 detecting device, torque detecting device and steering apparatus 
according to the present invention . These rotational angle detect ing 
device and torque detecting device are applied to a steering apparatus 
for automobiles, in which a disc -shaped target plate 275 (rotational 
member) is coaxially fitted and secured on the input shaft 21a at 

25 a position adjacent to one end portion connected to the output shaft 
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21b, and targets 274 are formed on the outer circumferential surface 
of the target plate 275 by magnetizing the targets 274 so that the 
magnetic poles reverse at substantially equal intervals in a 
circumferential direction. 
5 A target plate 275 with targets 2 74 similar to the one described 

above is also fitted and secured on the output shaft 21b at a position 
adjacent to one end portion connected to the input shaft 21a. The 
targets 274 of the target plate 275 on the output shaft 21b side 
and the targets 274 of the target plate 275 on the input shaft 21a 

10 side are aligned and juxtaposed in the circumferential direction. 

A sensor box 11 1 is disposed outside of both the target plates 
275 so that it faces the outer edges of the targets 274 on the outer 
circumference of the target plates 275 . The sensor box 11 ■ is fixedly 
supported on a stationary portion, such as a housing that supports 

15 the input shaft 21a and output shaft 21b. Magnetic sensors 1A', 
IB' (first detecting means, second detecting means) facing different 
portions in the circumferential direction of the targets 274 on 
the input shaft 2 la side and magnetic sensors 2A 1 , 2B' (first detecting 
means, second detecting means) facing different portions in the 

20 circumferential direction of the targets 274 on the output shaft 
21b side are contained in the sensor box 11 1 so that their positions 
in the circumferential direction are correctly aligned. 

Instead of forming the target 274 on the outer circumferential 
surface of each target plate 275 by magnetization, the target 274 

25 may be formed on a surface lying in a radial direction of each target 
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plate 275. In this case, each of the magnetic sensors 1A 1 , 2A' , 
IB 1 and 2B 1 is placed at a position facing a surface lying in a 
radial direction. 

In the targets 274, since the line of magnetic force from 
5 each N pole is absorbed by adjacent S pole, a strong magnetic field 
portion and a weak magnetic f ieldport ion are periodically produced . 

Each of the magnetic sensors 1A 1 , 2A 1 , IB' , 2B' is a sensor 
for measuring the magnetic field strength, such as a Hall element, 
and outputs a detection signal approximately to a triangular wave 
10 or a sine wave similar to those of the magnetic sensors 1A, 2A, 
IB, 2B of Thirty-Ninth Embodiment, according to the passage of 
each target 274. 

Since other structures and operations are the same as those 
of Thirty-Ninth Embodiment, similar parts are designated with the 
15 same reference numerals and their detailed explanation is omitted. 

(Forty- Second Embodiment) 

FIG. 142 is a schematic view showing schematically the 
construction of Forty- Second Embodiment of the rotational angle 

20 detecting device, torque detecting device and steering apparatus 
according to the present invention. Theserotationalangledetecting 
device and torquedetecting device are applied toa steering apparatus 
for automobiles, in which a disc -shaped target plate 2 73 (rotational 
member) is coaxially fitted and secured on the input shaft 21a 

25 at a position adjacent to one end portion connected to the output 
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shaft 21b. 

The target plate 273 has a cylindrical portion. Targets 272 
are formed by non-dent portions between dents 273b that are formed 
in the outer circumferential surface of the cylindrical portion 
5 at substantially equal intervals in the circumferential direction 
so as to form the non-dent portions. 

Each target 272 is formed by the non-dent portion between 
the dents 273b made of rectangular through holes formed in the 
circumferential surface of the cylindrical portion of the target 
10 plate 273 made of magnetic material. 

A target plate 273 having targets 272 similar to the one 
described above is also fitted and secured on the output shaft 
21b at a position adjacent to one end portion connected to the 
input shaft 21a. The targets 272 of the target plate 273 on the 
15 output shaft 21b side and the targets 272 of the target plate 273 
on the input shaft 21a side are aligned and juxtaposed in the 
circumferential direction. 

The sensor box 11 is disposed outside of both the target plates 
273 so that it faces the outer edges of the targets 272 on the outer 
20 circumference of the target plates 273 . The sensor box 11 is fixedly 
supported on a stationary portion, such as a housing that supports 
the input shaft 21a and output shaft 21b. Magnetic sensors 1A, IB 
(first detecting means, second detecting means) facing different 
portions in the circumferential direction of the targets 272 on 
25 the input shaft 21a side and magnetic sensors 2A, 2B (first detecting 
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means, second detecting means) facing different portions in the 
circumferential direction of the targets 272 on the output shaft 
21b side are contained in the sensor box 11 so that their positions 
in the circumferential direction are correctly aligned. 
5 Note that the dent 273b of the target 272 may be a non-through 

hole instead of the through hole. Moreover, with the use of the 
input shaft 21a and output shaft 21b made of magnetic material, 
it is possible to form the dents 273b of the targets 272 in the 
circumferential surfaces of the input shaft 21a and output shaft 

10 21b. Further, it is also possible to form the dent 273b in a surface 
lying in a radial direction of the target plate 273 instead of 
the outer circumferential surface of the cylindrical portion of 
the target plate 273. In this case, each of the magnetic sensors 
1A, 2A, IB and 2B is provided at a position facing a surface lying 

15 in the radial direction. 

Each of the magnetic sensors 1A, 2A, IB, 2B outputs a detection 
signal approximately to a triangular wave or a sine wave similar 
to those of the magnetic sensors 1A, 2A, IB, 2B of Thirty-Ninth 
Embodiment, according to the passage of the non-dent portion of 

20 each target 272. 

Since other structures and operations are the same as those 
of Thirty-Ninth Embodiment, similar parts are designated with the 
same reference numerals and their detailed explanation is omitted. 



25 (Forty-Third Embodiment) 
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FIG. 143 is a schematic view showing schematically the 
construction of Forty- Third Embodiment of the rotational angle 
detecting device, torque detecting device and steering apparatus 
accordingtothepresent invention . Theserotationalangledetecting 
5 device and torque detect ing device are appl ied to a steering apparatus 
for automobiles, inwhich a disc-shaped target plate 276 (rotational 
member) made of magnetic material is coaxially fitted and secured 
on the input shaft 21a at a position adjacent to one end portion 
connected to the output shaft 21b. 

10 The target plate 276 comprises targets 277 having magnetized 

first inclining portions 277a arranged to incline in one direction 
on the outer circumferential surface of the target plate 276 and 
magnetized second inclining portions 277b arranged to incline in 
other direction. The targets 277 are arranged side by side at equal 

15 intervals in the circumferential direction of the outer 

circumferential surface of the target plate 276 . The first inclining 
portion 277a and the second inclining portion 277b are substantially 
line symmetrical about a straight line passing through the connected 
point between the first and second inclining portions 277a, 277b 

20 in the axial direction of the rotational shaft of the target plate 
276. 

A target plate 276 with targets 277 similar to the one described 
above is also fitted and secured on the output shaft 21b at a position 
adjacent to one end portion connected to the input shaft 21a. The 
25 targets 277 of the target plate 276 on the output shaft 21b side 
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and the targets 277 of the target plate 276 on the input shaft 21a 
side are aligned and juxtaposed in the circumferential direction. 

The sensor box 11 is disposed outside of both the target plates 
276 so that it faces the outer edges of the targets 277 on the outer 
5 circumference of the target plates 276 . The sensor box 11 is fixedly 
supported on a stationary portion, such as a housing that supports 
the input shaft 21a and output shaft 21b. Magnetic sensors 1A, IB 
(first detecting means, second detecting means) facing different 
portions in the circumferential direction of the targets 277 on 

10 the input shaft 21a side and magnetic sensors 2A, 2B (first detecting 
means, second detecting means) facing different portions in the 
circumferential direction of the targets 277 on the output shaft 
21b side are contained in the sensor box 11 so that their positions 
in the circumferential direction are correctly aligned. 

15 Each of the magnetic sensors 1A, 2A, IB, 2B outputs a detection 

signal approximately to a triangular wave or a sine wave similar 
to those of the magnetic sensors 1A, 2A, IB, 2B of Thirty-Ninth 
Embodiment, according to the passage of adjacent target 277. 

Since other structures and operations are the same as those 

20 of Thirty-Ninth Embodiment, similar parts are designated with the 
same reference numerals and their detailed explanation is omitted. 



25 



(Forty- Fourth Embodiment) 

FIG. 144 is a schematic view showing the construction of 
a torque detecting device according to the present invention, and 
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FIG. 145 is a perspective view of a target plate. In FIG. 144, 
numeral 21 represents a steering shaft. This steering shaft 21 
is constructed by connecting coaxially an input shaft 21a having 
an upper end portion connected to a steering wheel 1 and an output 
5 shaft 21b having a lower end portion connected to a pinion 3 of 
a steering mechanism to each other through a torsion bar 6 . The 
rotational torque of the input shaft 21a according to the operation 
of the steering wheel 1 is detected based on a torsional angle 
generated in the torsion bar 6 . A steering assist motor (not shown) 

10 is driven based on the detected rotational torque, and the rotation 
of the motor is transmitted to the output shaft 21b connected to 
the steering mechanism, thereby assisting the steering operation. 

A disc-shape target plate 271 is coaxially fitted and secured 
on the input shaft 21a at a position adjacent to one end portion 

15 connected to the output shaft 21b, while a disc-shape target plate 
271 is coaxially fitted and secured on the output shaft 21b at a 
position adjacent to one end portion connected to the input shaft 
21a. A plurality of targets 270 as protrusions made of magnetic 
material are provided on the circumferential surface of each of 

20 the target plate 2 71at equal intervalsinthecircumf erentialdirect ion. 
The targets 270 are made of the teeth of a spur gear having an involute 
tooth profile, and the ring-shaped spur gears form the target plates 
271 and targets 270. 

A sensor box 11 is disposed on the outside of the target plates 

25 271 to face the targets 270 provided on the outer circumferential 
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surface of the target plates 271. The sensor box 11 is secured and 
supported on a stationary portion, such as a housing that supports 
the input shaft 21a and the output shaft 21b. The sensor box 11 
containsmagnetic sensors, 11A, 11B, 12Aandl2B therein. Themagnetic 
5 sensors 11A and 12A are disposed to face different portions in the 
circumferential direction of the target plate 271 on the input shaft 
21a side, while the magnetic sensors 11B and 12B are arranged to 
face different portions in the circumferential direction of the 
target plate 271 on the output shaft side 21b. The magnetic sensor 

10 11A, 11B and the magnetic sensors 12A, 12B are contained in lines 
parallel to the rotational shaft of the target plates 271. 

Each of the magnetic sensors 11A, 11B, 12A, 12B comprises 
a element such as a magneto-resistance effect element (MR element) 
having an electrical characteristic (resistance) varying as a result 

15 of the function of a magnetic field; and a bias magnet so that its 
output voltage changes according to the change of the magnetic field 
between the bias magnet and each target 270 . Their output voltages 
Vai, V B i, Va2, Vb2 are supplied to a signal processing unit 35 formed 
by a microprocessor provided outside of the sensor box 11. 

20 The following description will explain the operation of the 

torque detecting device having the above -described construction. 
FIG. 146 is a waveform chart showing a state of change in the output 
voltages of the magnetic sensor 11A on the input shaft 21a side 
and the magnetic sensor 11B on the output shaft 21b side of the 

25 torque detecting device according to the present invention. The 
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axis of abscissa of the graph represents the rotational angle of 
each of the input shaft 21a facing the magnetic sensor 11A and 
the output shaft 21b facing the magnetic sensor 11B, and the axis 
of ordinate shows the output voltage of the magnetic sensor 11A 
5 on the input shaft 21a side by the solid line and the output voltage 
of the magnetic sensor 11B on the output shaft 21b side by the 
short dashed line. 

When the input shaft 21a and output shaft 21b rotated about 
the axes, as shown in FIG. 146 , the magnetic sensors 11A and 11B 

10 output voltage signals that rise or fall according to the changes 
in the rotational angles of the input shaft 21a and output shaft 
21b respectively so that maximum and minimum voltages are obtained 
when the center of the facing targets 270 and the center of portions 
having no target are passing positions facing the magnetic sensors 

15 11A and 11B, respectively. 

This output voltage has distortion and irregularly changes 
in extreme regions near the maximum voltage and the minimum voltage . 
Therefore, a lower limit voltage (Vp^, Va^) and an upper limit 
voltage (Vp^^, Vr^) have been preset for each of the magnetic 

20 sensors 11A, 11B, 12A, 12B as the thresholds specifying a rising 
region and a falling region within a range of voltages that can 
be outputted by each magnetic sensor. 

The output voltage of the magnetic sensor 11A corresponds 
to the rotational angle of the input shaft 21a having the targets 

25 270 facing the magnetic sensor 11A, while the output voltage of 
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the magnetic sensor 11B corresponds to the rotational angle of 
the output shaft 21b having the targets 270 facing the magnetic 
sensor 11B. It is therefore possible to calculate the rotational 
angle of the input shaft 21a from the output voltage of the magnetic 
5 sensor 11A and the rotational angle of the output shaft 21b from 
the output voltage of the magnetic sensor 11B, respectively. 

The difference between the output voltage of the magnetic 
sensor 11A and the output voltage of the magnetic sensor 11B, or 
the difference between the output voltage of the magnetic sensor 

10 12A and the output voltage of the magnetic sensor 12B, corresponds 
to the difference in the rotational angles between the input shaft 
21a and output shaft 21b (relative angular displacement) . This 
relative angular displacement corresponds to the torsional angle 
generated in the torsion bar 6 connecting the input shaft 21a and 

15 the output shaft 21b, under the function of the rotational torque 
applied to the input shaft 21a . It is therefore possible to calculate 
the rotational torque applied to the input shaft 21a, based on the 
above-mentioned difference between the output voltages. 

Since the relative angular displacement caused by an ordinary 

20 steering operation is at most about 2 to 3 degree, it is possible 
to calculate the relative angular displacement and calculate the 
rotational torque applied to the input shaft 21b during the rise 
and fall, or fall and rise, of the output voltages. 

Moreover, in order to prevent an erroneous calculation of 

25 the rotational torque from unreliable output voltages obtained 
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in the extreme regions shown in FIG. 146, the magnetic sensors 
11A, 12A and 11B, 12B are mounted at different positions in the 
circumferential direction of the target plates 271 so that there 
is a phase difference between the respective output voltage signals 
5 and, when one of the output voltages is in an extreme region, the 
other output voltage is in a rising or falling region. 

Accordingly, by executing switching between the magnetic 
sensors 11A and 12A and between the magnetic sensors 11B and 12B 
to satisfy a condition that the respective output voltages are 

10 higher (or lower) than a preset threshold voltage, for example, 
it is always possible to calculate the rotational torque only from 
the output voltage in the rising or falling region. Note that, 
the threshold voltage has been set within a range between the upper 
limit voltage and the lower limit voltage Vmina set for each 

15 magnetic sensor. 

The following description will explain a corrective gain 
setting operation of the signal processing unit 35 in the torque 
detecting device according to the present invention. FIG. 147 is 
a flow chart showing the corrective gain setting operation in the 

20 signal processing unit 35, and FIG. 148 is an explanatory view 
of the corrective gain setting operation in the signal processing 
unit 35. Note that, similarly to FIG. 146, FIG. 148 shows the changes 
in the output voltages of the magnetic sensors 11A and 11B during 
the passage of the targets 270 by indicating the output voltage 

25 of the magnetic sensor 11A and the output voltage of the magnetic 
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sensor 1 IB wi th the sol id 1 ine and the short dashed 1 ine , respect ively . 
In FIG. 148, AG represents a preset rotational angle range in the 
rising or falling region. 

Although the corrective gain setting operation is performed 
5 for each of the magnetic sensors 11A, 11B, 12A, 12B as an interrupting 
operation between calculations of the rotational torque that are 
performed at predetermined sampling intervals, the following 
explanation is given with respect to the magnetic sensors 11A and 
11B that are disposed parallel to the axial direction of the input 

10 shaft 21a and output shaft 21b. 

The signal processing unit 35 monitors the outputs voltages 
of the magnetic sensors 11A and 11B which are consecutively inputted 
for the calculations of the rotational angle and the rotational 
torque, and judges whether or not the voltages inputted from the 

15 magnetic sensors 11A and 11B are the preset upper limit voltages 
YAmax, Vanax or lower limit voltages Yamin, Vemin (S4001) . When the lower 
limit voltages Vjmxn, Vemin are inputted from the magnetic sensors 
11A and 11B ("NO" in step S4001) , the signal processing unit 35 
is kept on standby until the upper limit voltages V^^ax, are 

20 inputted (S4002) . WhentheupperlimitvoltagesVAnax, Va^are input ted, 
the signal processing unit 35 calculates the output voltages Vau, 
Vaj.2 of the magnetic sensor 11A and the output voltages V B n, V B i2 
of the magnetic sensor 11B at both ends of the rotational angle 
range A0 in the rising region of the output voltages of the magnetic 

25 sensors llAandllBinthatperiodasthebothendvoltages , respectively 
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(S4003) . 



10 



15 



20 



The signal processing unit 35 applies the both end voltages 
Vaii, Vai2 and Vbh , V B i 2 obtained in step S4003 to the following equations 
so as to calculate sensor gains Kai and Kbi of the magnetic sensors 
11A and 11B, respectively (S4004) . 



As shown in FIG. 148, the sensor gains Kai and Kbi calculated 
from these equations indicate the change rates (inclination) of 
the output voltages in the rising regions of the magnetic sensors 
11A and 11B. 

Next, the signal processing unit 35 applies the both end 
voltagesVAi!, and V B n , V B i2tothe followingequationandcalculates 
an average sensor gain Km of the two magnetic sensors 11A and 11B 
in the rising region (S4005) . 

Km = { (Vaii - V^) + (V B ii - V B12 ) } / 2A0 (24) 
The average sensor gain IW calculated from this equation 
indicates the change rate of the average value of the output voltages 
of the magnetic sensors 11A and 11B in the rising region, that 
is, the inclination of the straight line LI shown by an alternate 
long and short dash line in FIG. 148. 

The signal processing unit 35 applies the sensor gains Kai 
and Kbi calculated in step S4004 and the average sensor gain Kmi 
calculated in step S4 0 0 5 to the f ol lowing equations so as to calculate 
corrective gains Kaoi and Kboi by which the actual outputs of the 



Kai = (Vaii - Vklz) / A9 



(22) 



Kbi = (Vbh - V B12 ) / AO 
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magnetic sensors 11A and 11B are multiplied in the rising region 
(S4006) . 



ThecorrectivegainsKAoi^dKeoicalculatedf romtheseequations 
are corrective values for making the sensor gains Kai and Kbi peculiar 
to the magnetic sensors 11A and 11B to coincide with the average 
sensor gainlW . The resul t s of mul t iplying the actual output vol t ages 
of the magnetic sensors 11A and 11B by the sensor gains Ka 0 i and 
Kbqi are indicated by points on the average characteristic shown 
by the alternate long and short dash lines in FIG. 148. Thus, the 
error components included in the output voltages of the magnetic 
sensors 11A and 1 IB due to the difference in the output characteristics 
and the difference in the air gaps from the corresponding targets 
270 can be eliminated. 

On the other hand, instepS4001 / when the upper limit voltages 
Vamax/ Vanax are inputted from the magnetic sensors 11A, 11B ("YES" 
in step S4001) , the signal processing unit 35 is kept on standby 
until the lower limit voltages Vp^^, Va^are inputted (S4007) . When 
the lower limit voltagesV^min, Va^are inputted, the signal processing 
unit 35 calculates the output voltages V^i, V&22 of the magnetic 
sensor 11A and the output voltages V B 2i/ V B 22 of the magnetic sensor 
11B at both ends of the rotational angle range A9 in the falling 
region of the output voltages of the magnetic sensors 11A and 11B 
in that period as both end voltages, respectively (S4008) . 



(25) 



Kboi — / Kbi 



(26) 
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The signal processing unit 35 applies the both end voltages 
Va21/ V A2 2andV B 2i, Vb22 obtained in step S4 008 to the following equations 
so as to calculate sensors gains and Kq 2 of the magnetic sensors 
11A and 11B, respectively (S4009) . 
5 KA2 = (V M1 - V^) / A9 (27) 

K^2= (V B2 i - V B22 ) / AG (28) 

As shown in FIG. 148, the sensor gains Ka2 and Kb2 calculated 
from these equations indicate the change rates (inclination) of 
the output voltages in the falling regions of the magnetic sensors 
10 11A and 11B. 

Next, the signal processing unit 35 applies the both end 
voltages Va2i, V^andV^i, Vb2 2 tothefollowingequationandcalculates 
an average sensor gain of the two magnetic sensors 11A and 11B 
in the falling region (S4010) . 
15 = { (Va2i - V M2 ) + (Vb2i - V B22 ) } / 2A9 (29) 

The average sensor gain calculated from this equation 
indicates the change rate of the average value of the output voltages 
of the magnetic sensors 11A and 11B in the falling region, that 
is, the inclination of the straight line L2 shown by an alternate 
20 long and short dash line in FIG. 148. 

The signal processing unit 35 applies the sensor gains 
and Kb 2 calculated in step S4009 and the average sensor gain 
calculated in step S4 010 to the f ol lowing equations so as to calculate 
corrective gains Kao2 and K© 0 2 by which the actual outputs of the 
25 magnetic sensors 11A and 11B are multiplied in the falling region 
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(S4011) . 



Kft02 — Kn2 / Ka2 



(30) 



^802 — Kn2 / Kb2 



(31) 



Similarly to the corrective gains Ka 0 i and Keoi/ the corrective 
gains Ka 0 2 and Kb 0 2 calculated from these equations are corrective 
values for making the sensor gains and Kb 2 peculiar to the magnetic 
sensors 11A and 11B to coincide with the average sensor gain K^. 
The results of multiplying the actual output voltages of the magnetic 
sensors 11A and 11B by the corrective gains Kao2 and Kbo2 are indicated 
by points on the average characteristic shown by an alternate long 
and short dash line in FIG . 148 . Thus , the error components included 
in the output voltages of the magnetic sensors 11A and 11B due 
to the difference in the output characteristics and the difference 
in the air gaps from the corresponding targets 270 can be eliminated. 

The calculation of the rotational torque performed by the 
signal processing unit 35 as described above is carried out using 
values obtained by multiplying the actual output voltages V A and 
V B of the magnetic sensors 11A and 11B by the corrective gains Kaoi, 
Kboi, Kao2 and Kbo2 given by the equations (25) , (26) , (30) and (31) 
respectively, instead of using the actual output voltages V A and 
V B as it is. It is thus possible to obtain an accurate result of 
the calculation of the rotational torque from which the error 
components have been removed. Note that the corrective gains Ka 0 i 
and Kboi calculated as described above are applied to the output 
voltages V A and V B varying from the lower limit voltages Vftmin and 
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Vsmin to the upper limit voltages Vp^a* and Va^x in the cycle ( "n+1" -th 
cycle) immediately after this cycle ("n"-th cycle) . Similarly, 
the corrective gains Ka 0 2 and Kb 0 2 are applied to the output voltages 
V A and V B varying from the upper limit voltages V^nax and Va^x to 
5 the lower limit voltages Vp^in and in the cycle ( "n+1" -th cycle) 
immediately after the this cycle ("n"-th cycle) . 

The signal processing unit 35 repeats the operations of steps 
S4001 to S4011 until a predetermined operation ending condition 
such as shutdown of electric power will have been satisfied (S4012) . 
10 Thus, the rotational torque can be accurately calculated at any 
moment of time during the calculation, and a variety of controls, 
such as control of the steering assist electric motor, that are 
executed based on the result of this calculation can be performed 
satisfactorily. 

15 According to Forty-Fourth Embodiment described above, it 

is possible to eliminate the difference between the output 
characteristics of the magnetic sensors 11A, 11B caused by the 
effect of the ambient temperature and the passage of time and the 
difference between the output voltages caused by the difference 

20 intheairgapsbetweenthemagneticsensors 11A, llBandtherespective 
facing targets 270 . 

Note that the rotational angle range AG can be preferably 
set within an angle range included in the rising region or falling 
region of the output voltage of each magnetic sensor. 

25 
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(Forty- Fifth Embodiment) 

FIG. 149 is a perspective view of a target plate 273 according 
to Forty-Fifth Embodiment . This target plate 273 has a cylindrical 
portion . Targets 272 are formed on the outer circumferential surface 
5 of the cylindrical portion by non- dent portions between dents formed 
at substantially equal intervals in the circumferential direction 
so as to form the non- dent portions. 

Each of the targets 272 is formed by a non -dent portion between 
dentsmade of rectangular through holes formed in the circumferential 
10 surface of the cylindrical portion of the target plate 273 made 
of magnetic material . Note that the dents of the targets 272 may 
be non- through holes instead of the through holes. 

Since a torque detecting device using the target plate 273 
having the targets 272 of the above-described structure can also 
15 output detection signals having a wave form similar to that of the 
detection signals outputted by the magnetic sensors 11A, 11B, 12A, 
12B in Forty-Fourth Embodiment, it is possible to detect a steering 
torque applied to the steering wheel 1, based on the detect ion s ignal s . 

Further, since the construction and operation of the torque 
20 detecting device using the target plate 273 of Forty-Fifth Embodiment 
are the same as those of the torque detecting device of Forty- Fourth 
Embodiment, the detailed explanation thereof is omitted. 

(Forty- Sixth Embodiment) 
25 FIG. 150 is a perspective view of a target plate 275 according 
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to Forty-Sixth Embodiment. This target plate 275 has a disc shape 
and targets 274 formed on its outer circumferential surface by 
magnetization so that the magnetic poles reverse at substantially 
equal intervals in the circumferential direction. 
5 Since a torque detecting device using the target plate 275 

having the targets 274 formed in the above -described manner can 
also output detection signals having a wave form similar to that 
of the detection signals outputted by the magnetic sensors 11A, 
11B, 12A, 12B in Forty-Fourth Embodiment, it is possible to detect 

10 the steering torque applied to the steering wheel 1, based on the 
detection signals. 

Further, since the construction and operation of the torque 
detecting device using the target plate 275 of Forty- Sixth Embodiment 
are the same as those of the torque detecting device of Forty- Fourth 

15 Embodiment, the detailed explanation thereof is omitted. 



(Forty- Seventh Embodiment) 

FIG. 151 is a schematic view showing the construction of 
a torque detecting device according to Forty- Seventh Embodiment. 

20 A disc-shape target plate 276 is coaxially fitted and secured on 
the input shaft 21a at a position adjacent to a portion connected 
to the output shaft 21b, while a disc-shape target plate 276 is 
coaxially fitted and secured on the output shaft 21b at a position 
adjacent to a portion connected to the input shaft 21a. Each of 

25 the target plates 276 has targets 277 comprising magnetized first 
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inclining portions 277a arranged to incline in one direction on 
the outer circumferential surface and magnetized second inclining 
portions 277b arranged to incline in other direction . These targets 
277 are provided side by side at equal intervals in a circumferential 
5 direction of the outer circumferential surface of each target plate 
276. 

The first inclining portion 277a and the second inclining 
portion 277b are substantially line symmetrical about a straight 
line passing their connected point in the axial direction of the 

10 rotational shaft of the target plates 276. 

A sensor box 11 is disposed on the outside of the target plates 
276 to face the outer circumf erential surface of the target plates 
276. This sensor box 11 is secured and supported on a stationary 
portion, such as a housing that supports the input shaft 21a and 

15 the output shaft 21b. The sensor box 11 contains magnetic sensors 
13A, 13B, 14A and 14B therein. The magnetic sensors 13A and 14A 
are disposed to face different portions in the circumferential 
direction of the target plate 276 on the input shaft 21a side, while 
the magnetic sensors 13B and 14B are arranged to face different 

20 portions in the circumferential direction of the target plate 276 
on the output shaft 21b side. The magnetic sensors 13A, 13B and 
the magnetic sensors 14A, 14B are contained in lines parallel to 
the rotational shaft of the target plates 276. 

Each of the magnetic sensors 13A, 13B, 14A, 14B comprises 

25 a element such as a magneto-resistance effect element (MR element) 
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having an electrical characteristic (resistance) varying as a result 
of the function of a magnetic field; and a bias magnet so that the 
output voltage changes according to the change of the magnetic field 
between the bias magnet and each target 277. Their output voltages 
5 V^, Vb3, VA4, Vb4 are supplied to a signal processing unit 35 formed 
by a microprocessor provided outside of the sensor box 11. 

In the torque detecting device having the above-described 
construction, since the magnetic sensors 13A, 13B, 14A, 14B output 
detection signals having a wave form similar to that of the output 

10 voltages shown in Forty-Fourth Embodiment explained above, the same 
processing method and correction method are employed for the voltage 
signals. Hence, the explanation of the processing method and 
correction method for the voltage signals is omitted. 

Further, components of the torque detecting device of 

15 Forty- Seventh Embodiment, which have the same structures and 

operations as in Forty-Fourth Embodiment, are designated with the 
same codes, and the explanation thereof is omitted. 

While Forty- Fourth Embodiment through Forty- Seventh 
Embodiment illustrateexanplesof theapplicationof atorquedetecting 

20 device to the detection of the rotational torque of the steering 
shaft 21 connecting the steering wheel 1 and the steering mechanism 
in a steering apparatus for automobiles, it is needless to say that 
the torque detecting device according to the present invention can 
be widely used in the whole applications for detecting the rotational 

25 torque of the rotational shaft. 
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Moreover, inForty- FourthEmbodiment or Forty- Fif thEmbodiment , 
targets are provided side by side at equal intervals on the 
circumferential surface of the target plate 276 in parallel with 
the axial direction of the steering shaft 21, while, in Forty-Sixth 
5 Embodiment, the targets are formed on the circumferential surface 
of the target plate 276 by magnetization so that the magnetic poles 
reverse at substantially equal intervals in the circumferential 
direction. However, like Forty-Seventh Embodiment, it is also 
possible to form the targets by alternately arranging a plurality 

10 of the first inclining portions 277a inclining in one direction 
and the second inclining portions 277b inclining in other direction 
side by side on the circumferential surface of the target plate 
276, and thus the present invention is not limited to the modes 
described in Forty- Fourth Embodiment through Forty- Seventh 

15 Embodiment . 

Furthermore, Forty- Fourth Embodiment through Forty- Seventh 
Embodiment illustrate the structures where the targets are provided 
on the input shaft 21a and output shaft 21b connected through the 
torsionbar 6 whose torsional characteristichasbeenknown. However, 

20 when a rotational shaft having the known torsional characteristic 
is an object of detection, it is also possible to directly provide 
targets at separate positions in the axial directionof the rotational 
shaft and calculate the rotational torque based on the difference 
between the output voltages of magnetic sensors disposed to face 

25 the targets. 
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INDUSTRIAL APPLICABILITY 

In the first invention, the portion of the rotor which is 
magnetically discontinuous in the axial and circumferential 
5 directions of the rotor is provided on the surface of the rotor. 
The magnetic sensor detects the posit ion of the discontinuous port ion 
in the axial direction. In accordance with the position detected 
by the magnetic sensor, the rotational angle of the rotor from 
the magnetic sensor as the base point is detected. As a result, 

10 the rotational angle detecting device which does not comprise any 
contact and sliding portion and which realizes satisfactory 
durability can be realized. 

In the second invention, the portion of the rotor which is 
magnetically discontinuous in the axial and circumferential 

15 directions of the rotor is spirally provided on the surface of 
the rotor. Therefore, the position of the portion which is 
magnetically discontinuous in the axial direction of the rotor 
and the rotational angle of the rotor made from the magnetic sensor 
as the base point can be made correspond to each other. When the 

20 position of the portion which is magnetically discontinuous in 
the axial direction of the rotor is detected, the rotational angle 
of the rotor from the magnetic sensor as the base point can be 
detected. As a result, the rotational angle detecting device which 
does not comprise any contact and sliding portion and which realizes 

25 satisfactory durability can be realized. 
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In the third invention, the plural portions which are 
magnetically discontinuous are provided on the surface of the rotor 
at the same intervals. Therefore, change in the position of the 
portion which is magnetically discontinuous in the axial direction 
of the rotor can be enlarged with respect to the rotational angle 
from the magnet icsensorasthebasepoint . Therefore, the amplifying 
gain can be reduced. Thus, satisfactory stability against 
disturbance can be realized. 

In the fourth invention, the portion which is magnetically 
discontinuous is providednonlinearlywithrespect to the rotational 
angle to make an output of the magnetic sensor to be linear with 
respect to the rotational angle. In particular, the output of the 
magnetic sensordisposedat an endof the portionwhichismagnetically 
discontinuous can be made to be linear with respect to the rotational 
angle. Therefore, a rotational angle detecting device which does 
not comprise a multiplicity of sensors, the cost of which can be 
reduced and which has a linear output characteristic can be realized. 

Since the fifth invention is constructed such that the portion 
whichismagneticallydiscontinuousisdividedintoanaxialdirection 
of said rotor at the same position of the circumferential direction 
of said rotor, and the divided portions are connected with each 
other in an axial direct ion of said rotor. Therefore, the rotational 
angle detecting device inwhich the output is free fromany fluctuation 
at an end of the portion which is magnetically discontinuous can 
be realized. 



~U- sljj ins „&. u^p ^j^^ o, n_jf e iirr_ zzuj ojj inn; 

409 

Since the sixth invention has the construction such that 
the portion which is magnetically discontinuous is formed by winding 
a coil around the circumferential surface of the rotor and by welding 
or bonding the coil, time required a processing can be shortened. 
5 Therefore, the manufacturing cost can be reduced. 

Since the seventh invention has the construction such that 
the portion which is magnetically discontinuous is formed by 
irradiating the circumferential surface of the rotor with the energy 
beam, an adjustment process can easily be completed. Therefore, 

10 the pattern of the portion which is magnetically discontinuous 
can accurately and freely be processed. 

In the eighth invention, the protrusion made of the magnetic 
material is spirally provided on the circumferential surface of 
the rotor. Moreover, the magnetoresistance effect element detects 

15 the position of the protrusion in the axial direction of the rotor. 
In accordance with the detected position, the rotational angle 
of the rotor from the plural magnetoresistance effect elements 
asthebasepointsof the rotor is detected. Asaresult, therotational 
angle detecting device which does not comprise any contact and 

20 sliding portion and which realizes satisfactory durability can 
be realized. 

In the ninth invention, the torque applied on the input shaft 
is detected in accordance with the torsional angle generated in 
the connecting shaft for connecting the input shaft and the output 
25 shaft . The rotational angle detecting device according to any one 
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of the first invention to eighth invention is attached to each 
of the input shaft and the output shaft. The rotational angle 
difference detector detects the difference in the rotational angle 
detected by each of the rotational angle detecting devices. The 
detecteddifferenceof the rotational angle ismadetobe the torsional 
angle. Thus, a torque detecting device realizing a simple 
construction and capable of reducing manufacturing cost can be 
realized. 

In the tenth invention, the torque applied on the input shaft 
is detected in accordance with the torsional angle generated in 
the connecting shaft for connecting the input shaft and the output 
shaft . The rotational angle detecting device according to any one 
of the first invention to eighth invention is attached to each 
of the input shaft and the output shaft. Thus, the difference in 
the reversed polarity between the detection signals output ted from 
the rotational angle detecting devices is calculated by the two 
first calculators . The second calculator calculates thedif f erence 
in the differences calculated by the two first calculators. The 
difference calculated by the second calculator is made to be the 
torsional angle . Thus, thedif f erence between the detect ion signals 
outputted from the rotational angle detecting devices is enlarged. 
As a result, the amplifying gain can be reduced. Thus, the torque 
detecting device which is stable against disturbance, which realizes 
a simple construction and which is able to reduce the manufacturing 
cost can be realized. 
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In the eleventh invention, the input shaft is connected to 
the steering wheel, the electric motor for assisting steering is 
driven and controlled in accordance with the steering torque appl ied 
on the steering wheel and the output shaft is interlocked to the 
electric motor for assisting steering . The torque detecting device 
according to the ninth invention or the tenth invention detects 
the steering torque applied on the input shaft in accordance with 
the torsional angle generated in the connecting shaft for connecting 
the input shaft and the output shaft . The rotational angle detecting 
device included in the torque detecting device detects the steering 
angle of the steering wheel. As a result, the steering apparatus 
comprising the torque detecting device according to the ninth 
invention or the tenth invention can be realized. Moreover, the 
steering apparatus is able to use two rotational angle detecting 
devices according toanyoneof the first invent ion toeighthinvention 
as the rotational angle detecting devices. 

In the twelfth invention, the portion which is magnetically 
discontinuous is provided for the circumferential surface of each 
of the input shaft and the output shaft connected to each other 
by a connecting shaft such that the portion which is magnetically 
discontinuous is displaced in the axial direction and a 
circumferential direction. The first and second magnetic sensors 
detect thepositionof theportionwhichismagneticallydiscontinuous 
in the axial direction of each of the input shaft and the output 
shaft. The third and fourth magnetic sensors detect the position 
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of the portion which is magnetically discontinuous in the axial 
direction which is disposed apart from the positions detected by 
the first and second magnetic sensors. The judging unit judges 
whether or not the positions detected by the first to fourth magnetic 
5 sensors are included in a predetermined range . The selector selects 
the positions for detecting the torsional angle of the connecting 
shaft for each of the input shaft and the output shaft . The torsional 
angle detector detects the torsional angle in accordance with the 
positions selected by the selector so that torque which is applied 

10 on the input shaft is detected in accordance with the torsional 
angle detected by the torsional angle detector. Therefore, when 
a sag portion is present in the characteristic of the output voltage 
of the magnetic sensors, torque can be detected. Thus, the torque 
detecting device can be realized which is capable of easily managing 

15 the accuracy of the output voltage of the magnetic sensor when 
a manufacturing process is performed. 

In the thirteenth invention, the corrector corrects the 
torsional angledetectedbythe torsional angledetectorinaccordance 
with the position and the predetermined intervals selected by the 

20 selector. Therefore, the output voltage of each of the third and 
fourth magnetic sensors for detecting the positions different from 
the positions detected by the first and second magnetic sensors 
by a predetermined angle is used to correct the sag portion of 
the output voltage of each of the first and second magnetic sensors . 

25 Therefore, when a sag portion is present in the characteristic 



_ — _ «b ~n — aa 'tr—n *»—d — if — TT7&—"n m a—- 
JLUUOJL 2TJJ «^aJ u U-J* ICS: SSL- tt-J> tEL- 



413 

of the output voltage of the first and second magnetic sensors, 
torque can be detected. Thus, the torque detecting device can be 
realized which is capable of easily managing the accuracy of the 
output voltage of the magnetic sensor when a manufacturing process 
5 is performed. 

In the fourteenth invention, the calculator calculates the 
corrective value for correcting the torsional angle detected by 
the torsional angledetectorinaccordancewiththepositions selected 
by the selector and the positions detected by the first to fourth 

10 magnetic sensors. The corrector corrects the torsional angle in 
accordance with the corrective value calculated by the calculator 
and the positions selectedby the selector. Thus, the output voltage 
of each of the third and fourth magnetic sensors for detecting 
the position different from the positions detected by the first 

15 and second magnetic sensors by a predetermined angle is used to 
correct the sag portion of the output voltage of each of the first 
andsecondmagnetic sensors . Therefore, when a sagport ion is present 
in the characteristics of the output voltage of the magnetic sensors , 
torque can be detected. Thus, the torque detecting device can be 

20 realized which is capable of easily managing the accuracy of the 
output voltage of the magnetic sensor when a manufacturing process 
is performed. 

In the fifteenth invention, the port ion which is magnetically 
discontinuous is spirally formed on the circumferential surface 
25 of each of the input shaft and the output shaft. Therefore, the 
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position in the axial direction detected by each magnetic sensor 
and the angle in the circumferential direct ion can be made correspond 
to each other. Therefore, when a sag portion is present in the 
characteristic of the output voltage of the magnetic sensor, torque 
5 can be detected. Thus, the torque detecting device can be realized 
which is capable of easily managing the accuracy of the output 
voltage of the magnetic sensor when a manufacturing process is 
performed . 

In the sixteenth invention, the plural portions which are 

10 magnetically discontinuous are provided on the circumferential 
surf aces of the input shaft and the output shaft at the same intervals . 
Therefore, the output voltage of the magnetic sensor per angle 
in the circumferential direction can be enlarged. Therefore, when 
a sag portion is present in the characteristic of the output voltage 

15 of the magnetic sensor, torque can be detected. Thus, the torque 
detecting device can be realized which is capable of easily managing 
the accuracy of the output voltage of the magnetic sensor when 
a manufacturing process is performed. 

Intheseventeenthinvention, theportionwhichismagnetically 

20 discontinuous is a protrusion made of the magnetic material. 

Therefore, when a sag portion is present in the characteristics 
of the output voltage of the magnetic sensor, torque can be detected . 
Thus, the torque detecting device can be realized which is capable 
of easily managing the accuracy of the output voltage of the magnetic 

25 sensor when a manufacturing process is performed. 
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In the eighteenth invention, the storage units store the 
electric signals which are outputted to correspond to the positions 
detected by the first to fourth magnetic sensors and electric signals 
which are previously set and must be outputted to correspond to 
5 the positions detected by the first to fourth magnetic sensors 
corresponding to one another. The output unit outputs the electric 
signal which must be outputted in accordance with the electric 
signal outputted from the first to fourth magnetic sensors and 
the contents stored in each of the storage units . Thus, eachelectric 

10 signal outputted from the output unit is made to be each signal 
indicating the position detected by each of the first to fourth 
magnetic sensors. Therefore, when a sag portion is present in the 
characteristic of the output voltage of the magnetic sensors , torque 
can be detected. Thus, the torque detecting device can be realized 

15 which is capable of easily managing the accuracy of the output 
voltage of the magnetic sensor when a manufacturing process is 
performed . 

In the nineteenth invention, the input shaft is connected 
to the steering wheel . The electric motor for assisting steering 

20 is driven and controlled in accordance with the steering torque 
applied on the steering wheel. The output shaft is interlocked 
totheelectricmotor . Anyoneof thetorquedetectingdeviceaccording 
to the twel f th invent ion to eighteenth invent ion detect s the steering 
torque applied on the input shaft in accordance with the torsional 

25 angle generated in the connecting shaft for connecting the input 
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shaft and the output shaft. Thus, the steering apparatus can be 
realized which is capable of detecting torque when a sag portion 
is present in the characteristic of the output voltage of the magnetic 
sensors of the torque detecting device and easily managing the 
5 accuracy of the output voltage of the magnetic sensor when the 
torque detecting device is manufactured. 

In the twentieth invention, the port ion which is magnetically 
discontinuous is provided on the circumferential surface of the 
rotating shaft such that the portion which is magnetically 

10 discontinuous is displaced in the axial and circumferential 

directions of the rotating shaft . The first magnetic sensor detects 
the position of the portion in the axial direction. Thus, the 
rotational angle from the first magnetic sensor as the base point 
of the rotating shaft is detected in accordance with the position 

15 de tectedby the f irst magnet ic sensor . The one or more second magnet ic 
sensors are provided for detecting a position distant from the 
position which must be detected by the first magnetic sensor for 
a predetermined distance. The judging unit judges a breakdown in 
accordance with the distance of the positions detected by the second 

20 and first magnetic sensors. Thus, the rotational angle detecting 
device can be realized which does not include a contact and sliding 
portion, which realizes satisfactory durability, and a breakdown 
of which can easily be detected. 

In the twenty- first invention, the portion which is 

25 magnetically discontinuous is spirally provided on the 
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circumferential surface of the rotating shaft in the axial and 
circumferential directions thereof . By detecting the position of 
theportionwhichismagneticallydiscontinuousintheaxialdirection, 
the rotational angle of the rotating shaft from the first magnetic 
5 sensor as the base point can be detected. The one or more second 
magnetic sensors are provided for detecting positions distant from 
the position which must be detected by the first magnetic sensor 
for a predetermined distance. The judging unit judges breakdown 
in accordance with the distance between positions detected by the 

10 second magnetic sensor and the first magnetic sensor. Thus, the 
rotational angle detecting device can be realized which does not 
include a contact and sliding portion, which realizes satisfactory 
durability, and a breakdown of which can easily be detected. 

Inthetwenty-secondinvention, theprotrusionmadeof magnetic 

15 material is spirally formed on the circumferential surface in the 
axial direction of a rotating shaft. The first magnetic sensor 
detects the position of the protrusion in the axial direction of 
the rotating shaft. Thus, the rotational angle of the rotating 
shaft from the first magnetic sensor as the base point in the 

20 circumferential direction is detected. The one or more second 
magnetic sensor are provided for detecting a position distant from 
the position which must be detected by the first magnetic sensor 
for a predetermined distance. The judging unit judges breakdown 
in accordance with the distance of the positions detected by the 

25 second magnetic sensor and the first magnetic sensor. Thus, the 
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rotational angle detecting device can be realized which does not 
include a contact and sliding portion, which realizes satisfactory 
durability, and a breakdown of which can easily be detected. 

In the twenty-third invention, the torque applied on the 
5 input shaft is detected in accordance with the torsional angle 
generated in the connecting shaft for connecting the input shaft 
andtheoutput shaft . Therotationalangledetectingdeviceaccording 
to any one of the twentieth invention to the twenty- second invention 
is attached to each of the input shaft and the output shaft . The 

10 detector detects the difference in the rotational angle detected 
by each of the rotational angle detecting devices. The detected 
difference in the rotational angle is made to be the torsional 
angle generated in the connecting shaft . Thus , the torque detecting 
device can be realized which has a simple construction, which is 

15 capable of reducing the manufacturing cost and which is arranged 
to detect breakdown. 

In the twenty-fourth invention, the input shaft is connected 
to the steering wheel . The electric motor for assisting steering 
is driven and controlled in accordance with steering torque applied 

20 on the steering wheel . Theoutput shaft is interlockedtotheelectric 
motor. The torque detecting device according to the twenty- third 
invention detects the steering torque applied on the input shaft 
in accordance with the torsional angle generated in the connecting 
shaft for connecting the input shaft and the output shaft. Thus, 

25 therotationalangledetectingdeviceincludedinthetorquedetecting 
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device detects the rotational angle of the steering wheel. Thus, 
the steering apparatus comprising the torque detecting device 
according to the twenty- third invention can be real i zed . Moreover, 
the steering apparatus is able to use either or both of the rotational 
5 angle detect ing device according to any one of the twent ieth invent ion 
to twenty- second invent ion as the rotational angle detect ing device . 

In the twenty-fifth invention, the first and second magnetic 
sensors detect the positions of portions which are magnetically 
discontinuous formed on the circumferential surface of each of 

10 the input shaft and the output shaft connected to each other by 
a connect ing shaft with displacement in the axial and circumferential 
directions . The position of the portion distant from the position 
of the portion detected by the first magnetic sensor and the second 
magnetic sensor for a predetermined distance in the circumferential 

15 direction and/ or the axial direction is detected by the third and 
fourth magnetic sensors . Then, whether or not the position detected 
by each of the first to fourth magnetic sensors is present in a 
first range is judged. The position for detecting the torsional 
angle of the connecting shaft is selected for each of the input 

20 shaft and the output shaft in accordance with a judgement result. 
The torsional angle is detected in accordance with each of the 
selectedpositions . The torque applied on the input shaft isdetected 
in accordance with the detected torsional angle . The first selector 
selects a pair from a pair consisting of the first magnetic sensor 

25 and the second magnetic sensor and a pair consisting of the third 
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magnetic sensor and the fourth magnetic sensor which does not include 
a magnetic sensor encountered breakdown when any one of the first 
to fourth magnetic sensor has encountered breakdown. The judging 
unit judges whether or not the position of the portion detected 
by the magnetic sensors in the pair selected by the first selector 
is present in a second range which is larger than the first range; 
and a detector for detecting the torsional angle in accordance 
with the position of the portion when the judging unit has judged 
that the position of the portion is present in the second range. 
Thus , the torque applied on the input shaft is detected in accordance 
with the torsional angle detected by the detector . Thus , the torque 
detecting device can be realized which comprises four magnetic 
sensors and which is capable of preventing interruption of torque 
detection in a case where breakdown of one of the magnetic sensors 
has occurred so that assisting steering is not rapidly changed. 

In the twenty-sixth invention, the second selector selects 
the pair from the pair consisting of the first magnetic sensor 
and the third magnetic sensor and the pair consisting of the second 
magnetic sensor and the fourth magnetic sensor which does not include 
the magnetic sensor encountered breakdown . The j udging unit j udges 
whether or not the two positions detected by the pairwise magnetic 
sensors selected by the second selector are present in the first 
range . Thethirdselectorselectsonepositionf romthe two positions 
in accordance with a judgement result made by the judging unit. 
The corrector corrects the position selected by the third selector 
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in accordance with the two positions and each of a predetermined 
distance . Thus, whether or not the position of the portion is present 
in the second range in accordance with the position corrected by 
the corrector. As a result, the torque detecting device can be 
realized which comprises the four magnetic sensors and which is 
capable of preventing interruption of torque detection in a case 
where breakdown of one of the magnetic sensors has occurred so 
that assisting steering is not rapidly changed. 

In the twenty- seventh invention, the portion which is 
magnetically discontinuous is spirally provided on the 
circumf erential surface of each of the input shaft and the output 
shaft. Therefore, the position detected by each of the magnetic 
sensors in the axial direction and an angle in the circumferential 
direction can be made correspond to each other. Therefore, the 
torque detecting device can be realized which is capableof preventing 
interruption of torque detection in a case where breakdown of one 
of the four magnetic sensors has occurred so that assisting steering 
is not rapidly changed. 

In the twenty-eighth invention, a plurality of the portions 
which are magnetically discontinuous are provided on the 
circumferential surface of each of the input shaft and the output 
shaft at the same intervals. Therefore, the output voltage of the 
magnetic sensor per angle in the circumferential direction can 
be raised. Therefore, the torque detecting device can be realized 
which is capable of preventing interruption of torque detection 
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in a case where breakdown of one of the four magnetic sensors has 
occurred so that assisting steering is not rapidly changed. 

In the twenty-ninth invention, the portion which is 
magnet icallydiscontinuousisaprotrusionmadeof magnet icmaterial . 
5 Therefore, the torque detecting device can be realized which is 
able to detect the torque when a sag portion is present in the 
characteristic of the output voltage of the magnetic sensor and 
which is capable of preventing interruption of torque detection 
in a case where breakdown of one of the four magnetic sensors has 

10 occurred so that assisting steering is not rapidly changed. 

In the thirtieth invention, the input shaft is connected 
to the steering wheel . The electric motor for assisting steering 
is driven and controlled in accordance with steering torque applied 
onthesteeringwheel . Theoutput shaf t isinterlockedtotheelectric 

15 motor. The torque detecting device according to any one of the 
twenty- fifth invention to twenty-ninth invention detects the 
steering torque applied on the input shaft in accordance with the 
torsional angle generated in the connecting shaft for connecting 
the input shaft and the output shaft . Thus, the steering apparatus 

20 can be realized which comprises a torque detecting device having 
four magnetic sensors, which is capable of preventing interruption 
of torque detection in a case where breakdown of one of the four 
magnetic sensors has occurred so that assisting steering is not 
rapidly changed. 

25 In the thirty- first invention, the hysteresis of the output 
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of the magnetic sensor disposed opposite to the targets is monitored. 
In accordance with the maximum value and the minimum value of the 
output generated during passing of the previous target, the gain 
with which the output of the magnetic sensor during passing of 
5 a next target is multiplied is sequentially corrected. When the 
next target passes, the rotational angle is calculated in accordance 
with a result of multiplication of the actual output of the magnetic 
sensor with the corrective gain. Thus, change in the output 
characteristics of the magnetic sensor caused from an influence 

10 of the temperature and an influence caused from time is compensated . 

In the thirty-second invention, the difference between the 
maximum value and a minimum value of the output of the magnetic 
sensor during passing of the target is obtained as a value on which 
any influence of change of the air gap is not exerted. The reference 

15 gain set with respect to the reference difference is multiplied 
with the ratio of the difference and the predetermined reference 
difference to obtain an accurate corrective gain. In a period in 
which the next target passes, the corrective gain is multiplied 
with the actual output of the magnetic sensor so as to be made 

20 coincide with the reference output characteristic. In accordance 
with a result, an accurate rotational angle is calculated. 

In the thirty-third invention, the hysteresis of the output 
of the magnetic sensor disposed opposite to the targets ismonitored. 
In accordance with the maximum value and the minimum value of the 

25 output during passing of the previous target, the offset amount 
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super imposed on the output owing to change of the air gap between 
the target and the magnetic sensor is sequentially obtained. In 
a period in which a next target passes, the obtained amount of 
offset for the previous target is added to the actual output of 
5 the magnetic sensor to omit an error in the output caused from 
change of the air gap. In accordance with a result, an accurate 
rotational angle is calculated. 

In the thirty- fourth invention, the average value of the 
maximum value and the minimum value of the output of the magnetic 

10 sensor during passing of the previous target is obtained as a value 
on which any influence is exerted from the output characteristics 
of the magnetic sensor . The difference between the foregoing value 
and the predetermined reference average value is made to be the 
offset amount which is added to the output of the magnetic sensor 

15 generated in a period in which a next target passes . In accordance 
with a result of addition, an accurate rotational angle from which 
an influence of change of the air gap has been omitted is calculated. 

In the thirty-fifth invention, a plurality of the magnetic 
sensors are provided in the circumferential direction of the target 

20 such that the phases of the magnetic sensors are shifted in the 
circumferentialdirection. Therefore, inf luencesof thedif f erence 
in the output characteristics of each magnetic sensor and that 
in the air gap between each magnetic sensor and the target can 
be eliminated. Thus, an accurate rotational angle is calculated. 

25 Inthethirty-sixthinvention, two rotational angle detecting 
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devices which can obtain an accurate rotational angle without any 
influence of the output characteristics of each magnetic sensor 
and that of the air gap between the magnetic sensor and the target 
are disposed in the axial direction of the rotating shaft which 
5 must be detected . Inaccordance with the di f f erence in the rotat ional 
angle detected by each of the rotational angle detecting devices, 
the rotational torque applied on the rotating shaft can accurately 
be detected. 

Inthethirty- seventhinvention, thememberf ormedbycoaxially 

10 connecting the first shaft and the second shaft through the torsion 
bar must be detected. The target is parallelly provided for each 
of the first and second shafts. Moreover, a magnetic sensor is 
disposed opposite to the targets to accurately detect the rotational 
torque applied on the first and second shafts in accordance with 

15 the difference in the rotational angle generated between the two 
shafts with a twist of the torsion bar. 

In the thirty-eighth invention, above-mentioned rotational 
angle detecting device and torque detecting device are applied 
to the steering apparatus for an automobile. Accurately detected 

20 values of the steering angle and the steering torque are obtained. 
The obtained results are used to, for example, drive and control 
the rotation of the electric motor for assisting steering. Thus, 
a reliable electric power steering apparatus is provided. 

In the thirty-ninth invention, the torque detecting device 

25 has the construction that the two pairs of the targets and the 
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magnetic sensors are provided in the axial direction of the rotating 
shaft which must be detected. In accordance with the difference 
in the output between the magnetic sensors in the two pairs, the 
rotational torque is calculated. When change in the outputs of 
5 the selected magnetic sensors in the two pairs which are being 
used to calculate the rotational torque is observed, attention 
is given to a fact that the sign of the difference in the output 
is inverted between a linearly- changed region and a 
nonlinearly -changed region. In accordance with inversion of the 

10 sign and reduction in the absolute value of the difference in the 
output occurring before the inversion, shift from the 
linearly-changedregiontothenonlinearly-changedregionis judged. 
In accordance with a result of the judgement, a magnetic sensor 
for use to calculate the rotational torque is selected. 

15 In the fortieth invention, a judgement is performed such 

that the output of the selected magnetic sensor is being shifted 
from the linearly- changed region to the nonlinearly- changed region 
when the absolute value of the difference in the output of the 
magnetic sensors for use to calculate the present rotational torque 

20 is smaller than the absolute value of the difference in the output 
of the non-selected magnetic sensor, that is, the magnetic sensor 
which is not used to calculate the present rotational torque . Thus , 
switching of the magnetic sensor which is being selected at present 
tothenon-selectedmagneticsensorisperformed. Whenthedif f erence 

25 in the output of the non- selected magnetic sensor presents in the 
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nonl inearly- changedregion , there i s apprehension that the foregoing 
relationship about the magnitude of the absolute value is held. 
Therefore, also the sign of the difference in the output of the 
magnetic sensors which are being selected and those which are not 
5 being selected is detected. The foregoing switching is performed 
only when the signs of the differences are the same. 

In the forty- first invention, the targets are parallelly 
provided on the first shaft and the second shaft coaxially connected 
to each other through the torsion bar. Two magnetic sensors are 

10 disposed opposite to each other on the outside of each target. 
The great difference in the rotational angle generated between 
the two shaf t s wi t h twi s t ing of the tors ion bar i s accurately detected 
by selecting the magnetic sensor. A result of the detection is 
used to accurately detect the rotational angle which is applied 

15 on the first and second shafts. 

In the forty- second invention, the torque detecting device 
according to the thirty-ninth invention to forty- first invention 
capable of accurately calculating the torque is applied to a steering 
apparatus for an automobile. An accurately detected value of the 

20 steering torque which is applied on the steering shaf t for performing 
steering is detected. A result of the detection is used to perform 
various controls, such as control of the electric motor for assisting 
steering. 

In the forty-third invention, the hysteresis of the outputs 
25 of the magnetic sensors opposite to the targets disposed apart 
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from one another in the axial direction of the rotating shaft is 
monitored . The average value of the outputs of the magnetic sensors 
in a period in which the previous target passes is obtained. The 
corrective gain for making the outputs of the two magnetic sensors 
5 to coincide with the foregoing average value is previously set. 
In a period in which a next target passes , the outputs of the magnetic 
sensors are not directly used. As an alternative to this, a result 
obtained by multiplying the set corrective gain with the foregoing 
outputs is used to calculate the rotational torque. Thus, change 

10 in the output characteristics of the magnetic sensor caused from 
an influence of the temperature and an influence owing to time 
is compensated. 

In the forty- fourth invention, the plural magnetic sensors 
are disposed on the outside of each of the two targets provided 

15 for the rotating shaft . An influence of the difference in the output 
characteristics of each magnetic sensor can be eliminated, causing 
accurate calculation of the rotational torque to be performed. 

In the forty- fifth invention, the targets are parallelly 
provided for each of the first and second shafts coaxial ly connected 

20 to each other through the torsion bar. The magnetic sensors are 
disposed opposite to the targets. Thus, a great difference in the 
rotational angle generated between the two shafts with the twisting 
of the torsion bar is accurately calculated by setting the foregoing 
corrective gain. A result of the calculation is used to accurately 

25 detect the rotational angle applied on the first and second shafts . 
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In the forty-sixth invention, above-mentioned torque 
detecting device is applied toa steering apparatus foranautomobile. 
An accurately detected value of the steering torque applied on 
the steering shaft for performing steering is detected. A result 
5 of the detection is used to perform various controls , such as control 
of the electric motor for assisting steering. 

In the forty- seventh invention, the plural targets inclined 
withrespecttotheaxialdirectionandprovidedinthecircumf erential 
direction are integrally formed with the outer periphery of the 

10 annular disc-shape plate having a fitting hole for fitting the 
rotating shaft formed in the axis thereof and made of magnetic 
material by press -working performed from the two positions in the 
direction of the thickness of the annular disc-shape plate. The 
thus -manufactured target plate is, from outside, secured to the 

15 rotating shaft through the fitting hole. Thus, a target realizing 
excellent accuracy of the shape thereof can easily be manufactured. 
The magnetic sensor is disposed on the outside of the targets to 
opposite the targets . In accordance with an output of the magnetic 
sensor, an accurate rotational angle is obtained. 

20 In the forty-eighth invention, two target plates integrally 

comprising targets realizing excellent accuracy of the shape is 
fitted to the rotating shaft in the axial direction of the rotating 
shaft. Moreover, the magnetic sensor is disposed opposite to each 
target at a posit ion on the outside of the target plate . Inaccordance 

25 with the dif f erence in the rotational angles eachof which is obtained 



430 

in accordance with the output of the magnetic sensor, accurate 
rotational torque is obtained. 

In the forty-ninth invention, the target plate integrally 
comprising the targets realizing excellent accuracy of the shape 
is fitted to the first shaft and second shaft which are coaxially 
connected to each other through the torsion bar. Moreover, the 
magnetic sensors are disposed on the outside of the target plates 
to be opposite to the target plates. Thus, the great difference 
in the rotational angle generated between the first and second 
shafts with twisting of the torsion bar is accurately detected. 
The result of the detection is used to detect the rotational torque 
with high accuracy applied on the first and second shafts. 

In the fiftieth invention, the rotational angle detecting 
device according to the forty- seventh invention capable of detecting 
the rotational angle with high accuracy and the torque detecting 
devi ce according to the forty- e ighth invent ion and/ or the forty- ninth 
invention capable of detecting the rotational torque with high 
accuracy is applied to a steering apparatus of an automobile. An 
accurately detected value of the rotational angle (the steering 
angle) of the steering shaft and that of the rotational torque 
(the steering torque) applied on the steering shaft are detected. 
Results of the detection are used to perform various controls, 
such as the control of the electric motor for assisting steering. 

In the fifty- first invention, the limiting member is disposed 
between the target plates fitted to the first and second shafts 
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and having the targets on the circumferential surface thereof . 
Thus, inclination of the target plates occurring in a plane including 
the axis caused from deflection and deformation of the torsion 
bar is limited . Thus , change in the position of the targets provided 
for the outer surface is prevented . Thus , occurrence of a detection 
error of the rotational torque can be prevented. 

In the fifty- second invention, the two sides of the annular 
member fitted to the first and second shafts are brought into contact 
with the target plates fitted to the two shafts . The limiting member 
limits the inclination of the target plates. The annular member 
maintains its attitude such that the first and second shafts are 
used as support members. Thus, limitation of the inclination of 
the target plate can reliably be performed. Change in the position 
of the target can be prevented to detect the rotational torque 
with high accuracy. 

In the fifty-third invention, the torque detecting device 
according to the fifty- first invent ion or the fifty- second invention 
capable of detecting the rotational torque with high accuracy is 
applied to a steering apparatus for an automobile. The rotational 
torque (the steering torque) applied on the steering shaft for 
connect ingthesteeringwheelandthe steer ingmechanismis accurately 
detected. A result of the detection is used to perform various 
controls, suchas control of theelectricmotorforassistingsteering. 

According to the rotational angle detecting device of the 
fifty- fourth invention, it is possible to easily eliminate a 
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nonlinear ly- changed region of a detection signal or a portion near 
a distorted region of a detection signal where a maximum nonlinear 
change rate is marked, thereby realizing a rotational angle detecting 
device capable of calculatingarotationalanglebysimpleprocessing. 

According to the rotational angle detecting device of the 
fifty-fifth invention, it is possible to easily eliminate a portion 
nearadistortedregionof adetectionsignal where amaximumnonlinear 
changerate ismarked, thereby realizinga rotational angle detecting 
devicecapableof calculatingarotationalanglebysinpleprocessing. 

According to the rotational angle detecting device of the 
fifty-sixth invention, it is possible to readily obtain targets 
bygear-cuttingthecircumferential surface of the rotational member, 
achieve a reduction in the costs, easily eliminate a portion near 
a distorted region of a detection signal where a maximum nonlinear 
changerate ismarked, therebyrealizingarotational angle detecting 
devicecapableof calculatingarotationalanglebysinpleprocessing. 

According to the rotational angle detecting device of the 
fifty- seventh invention, it is possible to readily obtain the targets 
by forming dents made of through holes in the cylindrical portion 
of a rotational member, achieve a reduction in the costs, easily 
eliminate a portion near a distorted region of a detection signal 
where a maximum nonlinear change rate is marked, thereby realizing 
a rotational angle detecting device capable of calculating a 
rotational angle by simple processing. 

According to the rotational angle detecting device of the 
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fifty-eighth invention, it is possible to readily obtain a magnetic 
target as compared to the case where a target made of a permanent 
magnet is provided on the rotational member, easily eliminate a 
portion near a distorted region of a detection signal where a maximum 
5 nonlinear change rate is marked, thereby realizing a rotational 
angle detecting device capable of calculating a rotational angle 
by simple processing. 

According to the torque detecting device of the fifty- ninth 
invention, it is possible to easily eliminate a nonlinearly- changed 
10 region of a detection signal or a portion near a distorted region 
where a maximum nonlinear change rate is marked, thereby realizing 
a torque detecting device capable of calculating a steering torque 
by simple processing. 

According to the steeringapparatusof thesixteenthinvention, 
15 it is possible to realize a steering apparatus comprising the torque 
detecting device of the fifty-ninth invention. 

In the rotational angle detecting device according to the 
sixty-first invention, it is possible to correct the gain by the 
gain correcting means, based on a difference calculated by the 
20 means for detecting the maximum value and minimum value of the 
detection signal mult ipl ied by the gain and the means for calculating 
the difference between the maximum value and minimum value . Since 
the gain is corrected during the detection of the rotational angle, 
based on the difference between the maximum value and minimum value 
25 of the detection signal , it is possible to prevent detection errors 
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resulting from the difference in the output characteristics of 
the individual detecting means by including compensation for 
characteristic change due to temperature and characteristic change 
with time, and further prevent detection errors resulting from 
5 change in the air gap between the target and the detecting means, 
thereby realizing a rotational angle detecting device capable of 
performing detection with high accuracy over a long time. 

In the rotational angle detecting device according to the 
sixty-second invention, the means for calculating a corrective 

10 gain can calculate acorrectivegainbymultiplyingapreset reference 
gain by a ratio calculated by the means for calculating the ratio 
of the difference between the maximum value and minimum value of 
the detection signal to the reference difference. By multiplying 
the detection signal by the corrective gain, it is possible to 

15 cause the detection signal to coincide with the reference output 
characteristic and accurately calculate the rotational angle based 
on this result . 

In the rotational angle detecting device according to the 
sixty-third invention, it is possible to correct the offset of 

20 the detection signal by the offset correcting means, based on an 
average value calculated by the means for detecting the maximum 
value and minimum value of the detection signal and the means for 
calculating an average value of the maximum value and minimum value . 
Since the offset is corrected during the detection of the rotational 

25 angle, based on the average value of the maximum value and minimum 
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value of the detection signal, it is possible to prevent detection 
errors resulting from the difference in the output characteristics 
of the individual detecting means by including compensation for 
characteristic change due to temperature and characteristic change 
with time, and further prevent detection errors resulting from 
change in the air gap between the target and the detecting means, 
thereby realizing a rotational angle detecting device capable of 
performing detection with high accuracy over a long time. 

In the rotational angle detecting device according to the 
sixty- fourth invention, a difference calculated by the means for 
calculating the difference between the average value of the maximum 
value and minimum value of the detect ion signal and a preset reference 
average value is added to the detection signal value to invalidate 
the offset and eliminate the influence of change in the gap, thereby 
accurately calculating the rotational angle. 

In the rotational angle detecting device of the sixty- fifth 
invention, the distance between the target and the detecting means 
changes according to a rotation of the rotational member, and the 
detection signal changes according to the change in the distance. 
It is therefore possible to calculate the rotational angle of the 
rotational member by the angle calculating means , based on the change 
in the detection signal . 

In the rotational angle detecting device of the sixty- sixth 
invention, sincethedetectionsignalchangesaccordingtothedistance 
between the detecting means and the protrusion approaching the 
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detecting means according to a rotation of the rotational member, 
it is possible to calculate the rotational angle of the rotational 
member by the angle calculating means, based on the change in the 
detection signal. 



invention, adentportionandanon-dentportionalternatelyapproaches 
the detecting means according to a rotation of the rotational member, 
and the detection signal changes according to the distance from 
the dent portion or the non-dent portion. It is therefore possible 

10 to calculate the rotational angle of the rotational member by the 
angle calculating means , based on the change in the detection signal . 

In the rotational angle detecting device of the sixty- eighth 
invention, the polarityof the magnet icpole approaching thedetecting 
means according to a rotation of the rotational member changes 

15 alternately between positive andnegative (NandS) , and the detection 
signal according to the distance between the detecting means and 
the magnetic pole is outputted . It is therefore possible to calculate 
the rotational angle of the rotational member by the angle calculating 
means, based on the change in the detection signal. 

20 In the rotational angle detecting device according to the 

sixty-ninth invention, the position of the target approaching the 
detecting means according to a rotation of the rotational member 
changes in a direction along the rotating shaft, and the detection 
signal according to the positional change is outputted. It is 

25 thereforepossibletocalculatetherotationalangleof therotational 
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In the rotational angle detecting device of the sixty- seventh 
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member by the angle calculating means, based on the change in the 
detection signal. 

In the rotational angle detecting device of the seventieth 
invention, it is possible to mutually compensate for regions of 
5 the detection signals having a small change with respect to the 
rotationalanglebythe first andseconddetectingmeansforoutputting 
detection signals having a phase difference. 

In the rotational angle detecting device according to the 
seventy-first invention, the first judging means judges whether 

10 or not each of the detection signals of the first detecting means 
and second detecting means is higher than the first threshold, 
the second judging means judges whether or not each of the detection 
signals of the first detecting means and second detecting means 
is lower than the second threshold, the third judging means judges 

15 whether or not the detection signal waveforms of the first detecting 
means and second detecting means cross each other, and the maximum 
value and minimum value are detectable based on the results of 
the judgements made by the first, second and third judging means. 

In the torque detecting device according to the seventy- second 

20 invention, the torque calculating means calculates a torque applied 
to the first rotating shaft, based on the difference between the 
rotational angles detected by the rotational angle detecting device 
of the seventy- first invention provided for the first rotating shaft 
and the second rotating shaft . It is possible to prevent detection 

25 errors resulting from the difference in the output characteristics 
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of the individual detecting means by including compensation for 
characteristic change due to temperature and characteristic change 
with time and further prevent detection errors resulting from change 
in the air gap between the target and the detecting means by correcting 
the gain and/or offset by the gain correcting means and/or the offset 
correct ingmeans , thereby real i z ing a torque detect ing device capable 
of performing detection with high accuracy over a long time. 

In the torque detecting device according to the seventy- third 
invention, when the first detecting means and second detecting 
means of the rotational angle detecting devices provided for the 
first and second rotating shafts detected the maximum values , the 
maximumvalues are made valid . Whentheydetectedtheminimumvalues , 
the minimum values are made valid. Accordingly, it is possible 
to real i ze a torque detect ing device capabl e of prevent ing correct ion 
errors due to a difference in the detecting timings of the maximum 
value and the minimum value resulting from torsion caused by the 
application of torque in the rotational angle detecting devices 
provided at two positions. 

In the torque detect ing device according to the seventy- fourth 
invention, the temperature detecting means detects the temperature 
of the first detecting means and second detecting means, and the 
storing means stores the temperature detected when the maximum 
value or the minimum value of each of the detection signals of 
the first detecting means and second detecting means was detected. 
Moreover, when the angle calculating means calculates the rotational 
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angle, the comparing means calculates the difference between the 
temperature detected by the temperature detecting means and the 
temperature stored by the storing means , and compares the calculated 
dif f erencewithapredeterminedvalue . Whenthedif ferenceisgreater 
thanthepredeterminedvalue , thecalculationbytheanglecalculating 
means is prohibited, thereby realizing a torque detecting device 
capable of preventing detection errors resulting from the difference 
in the temperature characteristics of the individual detecting 
means . 

Since the steering apparatus according to the seventy- f if th 
inventioncomprises the torquedetectingdeviceof the seventy- fourth 
invention, it is possible to prevent detection errors resulting 
from the difference in the output characteristics of the individual 
detecting means by including compensation for characteristic change 
due to temperature and characteristic change with time, and further 
prevent detect ion errors resulting from change in the airgap between 
the target and the detecting means, thereby realizing a steering 
apparatus for automobiles, using a torque detecting device capable 
of detecting a torque with high accuracy over a long time. 

According to the rotational angle detecting devices of the 
seventy-sixth through eighty-third inventions, it is possible to 
realize a rotational angle detecting device capable of detecting 
arotationalangleevenwhenasagportionexistsinthecharacteristics 
of the detection signals of the detecting means and easily managing 
the accuracy of the detection signals of the detecting means at 
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the manufacturing process. 

According to the torque detecting devices of the eighty- fourth 
through eighty- seventh and eighty ninth inventions, it is possible 
to realize a torque detecting device capable of detecting a torque 
5 even when a sag portion exists in the characteristics of the detection 
signals of the detecting means and easily managing the accuracy 
of the detection signals of the detecting means at the manufacturing 
process . 

According to the torque detecting device of the eighty- eighth 

10 invention, it is possible to realize a torque detecting device that 
does not stop the detection of torque even when failure occurred, 
if the failure occurred in only one detecting means and the torque 
detection is available by the remaining detecting means. 

According to the steering apparatus of the eighty-ninth 

15 invention, it is possible to realize a steering apparatus capable 
of detecting a torque even when a sag portion exists in the 
characteristics of the output voltages of the magnetic sensors of 
the torque detecting device and easily managing the accuracy of 
the output voltages of the magnetic sensors at the manufacturing 

20 process of the torque detecting device. 

According to the ninety- first invention, an average value 
of the signals outputted by the respective detecting means is 
calculated while the targets provided at separate positions in 
the direction of the rotational shaft of the rotational member 

25 are passing positions facing the respective detecting means, and 
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t he s ignal s output t edby t he re spec t i ve output t ingmeans are corr ec t ed 
to coincide with the average value. Accordingly, it is possible 
to realize a torque detecting device capable of restraining the 
occurrence of detection error resulting from the difference between 
5 the output characteristics of the individual detecting means and 
the difference in the air gaps between the individual detecting 
means and the targets, and thereby detecting a rotational torque 
with high accuracy over a long time. 

Accordingtotheninety-secondinvention, therotationalmember 

10 rotates according to the first shaft and the second shaft that are 
coaxially connected through the torsion bar, the difference between 
the rotational angles of the two shafts generated with torsion of 
the torsion bar is accurately calculated by disposing the detecting 
means to face the targets provided on the rotational member, 

15 respectively, and the rotational torque applied to the first shaft 
and second shaft can be accurately detected based on the result 
of this calculation. Moreover, by providing the rotational member 
for each of the first shaft and second shaft at positions adjacent 
to the connection thereof , it is possible to realize a torque detecting 

20 device capable of handling the detecting means facing the respective 
targets as pne unit and having similar peripheral environments such 
as temperature for the respective detecting means. 

According to the ninety-third invention, by employing 
protrusions provided at substantially equal intervals in the 

25 circumferential direction of the rotational member as the targets, 
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it is possible to real i ze a torque detecting device capable of allowing 
easy formation of the targets and restraining the occurrence of 
detection error resulting from the difference between the output 
characteristics of the individual detecting means and the difference 
5 in the air gaps between the individual detect ing means and the targets , 
and thereby detecting a rotational torque with high accuracy over 
a long time. 

According to the ninety- fourth invention, by forming dents 
to form non-dent portions at substantially equal intervals in the 

10 circumferential direction of the rotational member and employing 
the non-dent portions between the dents as the targets , it is possible 
to realize a torque detect ingdevice capable of allowing easy formation 
of the targets and restraining the occurrence of detection error 
resulting from the difference between the output characteristics 

15 of the individual detecting means and the difference in the air 
gaps between the individual detecting means and the targets, and 
thereby detecting a rotational torque with high accuracy over a 
long time. 

According to the ninety- fifth through ninety- seventh 
20 inventions, by magnetizing portions of the circumferential surface 
of the rotational member and employing the magnetized portions as 
the targets, it is possible to realize a torque detecting device 
capable of allowing easy formation of the targets and restraining 
the occurrence of detection error resulting from the difference 
25 between the output characteristics of the individual detecting means 
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and the difference in the air gaps between the individual detecting 
means and the targets, and thereby detecting a rotational torque 
with high accuracy over a long time. 

According to the ninety-eighth invention, by applying a torque 
5 detecting device as described above to a steering apparatus for 
automobiles, it is possible to realize a steering apparatus that 
obtains an accurate detection value of a steering torque applied 
to the steering wheel for steering and uses this result for a variety 
of controls such as drive control of a steering assist motor. 



